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Agriculture  &  Food 

0606  Irrigate-Why  Not  Chemigate 

0607  Microbial  Combinations  for  Tomorrow's  Agriculture 

0608  Paving  the  Way  for  Altered  Crop  Pests 

0609  Probe  Pinpoints  Powerful  Hormones  (Licensing 
Opportunity) 

061 0  Sweet  Dreams  for  Plants 

Computers 

061 1  Reconfigurable  M-Dimensional  Computer  Memory 
Developed 

0612  Automatic  Monitoring  of  Complicated  Systems — 
Computers  can  perform  routine  analysis  of  opera- 
tions, alerting  human  operators  to  signs  of  trouble. 

0613  Programmable  Direct-Memory-Access  Controller — 
Features  include  autonomy  and  the  ability  to 
perform  functions  normally  reserved  for  a  CPU. 

0614  Peripheral  Equipment  Interchanges  Bytes  of  Data — 
A  pair  of  circuit  boards  relieves  a  central  processing 
unit  of  this  task. 

Other  Items  of  Interest 

0645  Improved  Packaging  For  VLSIC 

0646  New  Infrared  Solder  Subsystem 

Electrotechnology 

0615  Calculating  Second-Order  Effects  in  MOSFET's— 
These  effects  become  important  as  dimensions 
shrink  to  a  micron. 

0616  Gallium  Arsenide  Domino  Circuit — Advantages 
include  reduced  power  and  high  speed.  (Licensing 
Opportunity) 

061 7  Wideband  Microstrip  Antenna-Feeding  Array — 
Special  impedance-matching  probes  help  to  reduce 
feed  complexity.  (Licensing  Opportunity) 

0618  Field-Induced-Gap  Infrared  Detectors — Semimetals 
would  become  semiconductors  under  applied 
magnetic  fields.  (Licensing  Opportunity) 

0619  Ge/Si  Integrated  Circuit  for  Infrared  Imaging — 
Photodetectors  would  be  deposited  on  signal- 
processing  circuitry  at  the  focal  plane.  (Licensing 
Opportunity) 

0620  An  Optimal  Design  for  Steerable  Dish  Antenna  With 
BWG — Advanced  features  and  modular  design 
promise  high  performance. 

0621  Tunable-Quantum-Well  infrared  Detector — The 
wavelength  would  be  adjusted  by  changing  the 
applied  voltage.  (Licensing  Opportunity) 


0622  32-GHz  Wideband  Maser  Amplifier — Features 
include  low  input  equivalent  noise  temperature  and 
400-MHz  bandwidth. 

Software 

0623  Antenna  Data  Analysis  and  Research  Using  PCs 

Other  Items  of  Interest 

0613     Programmable  Direct-Memory-Access  Controller — 

Features  include  autonomy  and  the  ability  to  perform 

functions  normally  reserved  for  a  CPU. 
0625     Improved  Liquid-Electrode/Solid-Electrolyte  Cell — An 

organic  liquid  in  the  cathode  may  extend  the  working 

life. 
0632     Epoxies  Bond  Waveguides  to  Flanges — Each 

waveguide/flange  joint  is  made  with  a  conductive 

adhesive  and  a  structural  adhesive.  (Licensing 

Opportunity) 

Energy 

0624  Alcohol  Production 

0625  Improved  Liquid-Electrode/Solid-Electrolyte  Cell — An 
organic  liquid  in  the  cathode  may  extend  the  working 
life. 

Engineering 

0626  Paint  Removal  by  Plastic  Particle  Blasting 

0627  Sprinklers  in  Chem  Labs  Can  Protect  Lives,  Property 

0628  Dual-Constraint  Transport  Systems 

0629  Ethanol  Production  from  Xylose 

0630  Adaptive-Control  Experiments  on  a  Large  Flexible 
Structure — Transient  and  initial  deflections  are 
regulated  via  sensors,  actuators,  and  a  digital  control 
system. 

0631  Detecting  Boundary-Layer  Transition  in  Cold 
Environments — Definitive  transition  Reynolds 
numbers  are  obtained  for  the  first  time  in  a  cryogenic 
wind  tunnel. 

0632  Epoxies  Bond  Waveguides  to  Flanges — Each 
waveguide/flange  joint  is  made  with  a  conductive 
adhesive  and  a  structural  adhesive.  (Licensing 
Opportunity) 

0633  Fourier  Analysis  of  Vibrations  of  Round  Structures — 
Complicated  vibrations  of  complicated  structures  are 
represented  efficiently. 

0634  Insulation  for  Cryogenic-Liquid  Tanks — Rigid  foam 
and  radiation  shields  prevent  excessive  heating  in  a 
variety  of  environments. 
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Engineering  (Cont.) 

0635  Liquid-Flow  Controller  With  Preset  Break  Pressure — 
Flow  starts  only  after  a  minimum  pressure  is  ex- 
ceeded. (Licensing  Opportunity) 

0636  Liquid-Flow  Controller  With  Trickle  Preflow— 
Pressure  increases  steeply  with  flow  up  to  a  point, 
beyond  which  pressure  increases  gradually. 

0637  Static  Pressure-Assisted  Seal  for  Helium — A  metal 
seal  replaces  a  leaky  elastomeric  seal. 

0638  Vibrational  Responses  of  Structures  to  Impulses — 
The  analysis  of  transients  supplements  the  usual 
modal  analysis  for  greater  accuracy. 

Software 

0639  Predicting  Noise  From  Wind  Turbines — Effects  of 
turbulence,  trailing-edge  wakes,  and  bluntness  are 
taken  into  account. 

Testing  &  Instrumentation 

0640  Doppler-Shifted  Raman  Spectroscopy  Measures 
Flows — Nonintrusive,  accurate  wind-tunnel  measure- 
ments are  obtained  without  seeding  the  flows. 

0641  Electrolysis  Bubbles  Make  Waterflow  Visible — Traces 
in  photographs  are  measured  to  obtain  velocities. 

0642  Jig  for  Stereoscopic  Photography — Separations 
between  views  can  be  adjusted  precisely  for  best 
effects. 

Other  Items  of  Interest 
0624     Alcohol  Production 
0647     Double-X  Bandmill 

Environmental  Science  &  Technology 

0643  Cleaning  Excavated  Soil  Using  Extraction  Agents:  A 
State-of-the-Art  Review 

Testing  &  Instrumentation 

0644  Optical  Trap:  Important  New  Tool  For  Manipulating 
Chromosomes 

Other  Items  of  Interest 

0639     Predicting  Noise  From  Wind  Turbines — Effects  of 

turbulence,  trailing-edge  wakes,  and  bluntness  are 

taken  into  account. 

Manufacturing,  Machinery  &  Tools 

0645  Improved  Packaging  For  VLSIC 

0646  New  Infrared  Solder  Subsystem 

0647  Double-X  Bandmill 

0648  Internal  Wire  Guide  for  Gas/Tungsten-Arc  Welding  — 
The  wire  is  kept  in  the  shielding  gas,  preventing 
oxidation.       (Licensing  Opportunity) 


0649  Preventing  Contamination  in  Electron-Beam  Welds — 
A  simple  expedient  eliminates  time-consuming, 
expensive  manual  hand  grinding. 

0650  Rolling-Contact  Spalling  in  Bearings — The  effects  of 
thermal  and  mechanical  stresses  are  analyzed. 

0651  Simplified  Models  Speed  Electroforming  Tests — Two- 
dimensional  models  are  easier  to  construct  than  are 
fully-machined  three-dimensional  models. 

Testing  &  Instrumentation 

0652  Calibration  Fixture  for  Welding  Robot — This  compact, 
lightweight  device  can  be  used  in  any  position  or 
orientation.  (Licensing  Opportunity) 

0653  Quick  Check  of  Butt-Weld  Alignment — An  optical 
instrument  would  show  whether  plates  are  aligned  or 
offset. 

Materials 

0654  Additions  of  Titanium  to  Aluminum-Lithium  Alloys 

0655  Modeling  of  Composite  Material  Thick  Section 
Processing  Developed 

0656  Effects  on  Wood  Strength  of  Redrying  and  Water- 
borne  Preservative  Treatment 

0657  Engineered  Structural  Composites 

0658  Steam  Injection  Pressing 

0659  Wood-Nonwood  Composites 

0660  Lightweight,  Thermally  Conductive  Composite 
Material — Aluminum  reinforced  with  carbon  fibers  is 
superior  to  copper  in  some  respects. 

0661  Tribological  Properties  of  Ceramics — Properties  of 
materials  for  advanced  engines  and  machine  tools 
are  examined. 

0662  YBa(2)CU(3)0(x)  Superconductors  Doped  With 
AgO — Magnetic  properties  are  unlike  those  of  any 
other  superconductor.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0663  New  Apparatus  For  Studying  Metals 

Other  Items  of  Interest 

0673     Lignin  Sensor  Based  on  Flash-Pyrolysis  Mass 

Spectrometry — New  instrument  speedily  evaluates 
lignin  content  of  wood  products. 

Medicine  &  Biology 

0664  Navy  Studies  Fibronectin  for  Periodontal  Disease 

0665  PC  Database  To  Calculate  Stopping  Powers 
Available 

0666  Clearinghouse  for  Comparative  Pathology 

Other  Items  of  Interest 

0608     Paving  the  Way  for  Altered  Crop 
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Natural  Resources  Technology  & 
0   Engineering 

0667  Theory  Explains  Acid  Rain  Formation  from  Kilauea 
Volcano 

0668  High-Resolution  Imaging  Spectrometer — Earth 
resources  will  be  observed  in  greater  detail. 

Software 

0669  Making  Mosaics  of  SAR  Imagery— Minimal  interven- 
tion by  the  operator  is  required. 


Physical  Sciences 

0670  Narrowest  Spectral  Line  Produced 

0671  New  Ion  Thermochemistry  Database  Available  For 
PCs 

Testing  &  instrumentation 

0672  Diagnosis  of  a  Pressure-Modulator-Radiometer 
Cell — A  lead-salt  tunable  diode  laser  provides  the 
required  monochromatic  radiation. 

0673  Lignin  Sensor  Based  on  Flash-Pyrolysis  Mass 
Spectrometry — New  instrument  speedily  evaluates 
lignin  content  of  wood  products. 

Other  Items  of  Interest 

0618     Field-lnduced-Gap  Infrared  Detectors — Semimetals 
would  become  semiconductors  under  applied 
magnetic  fields.  (Licensing  Opportunity) 

Tunable-Quantum-Well  infrared  Detector — The 
wavelength  would  be  adjusted  by  changing  the 
applied  voltage.  (Licensing  Opportunity) 

Sprinklers  in  Chem  Labs  Can  Protect  Lives,  Property 

Static  Pressure-Assisted  Seal  for  Helium — A  metal 
seal  replaces  a  leaky  elastomeric  seal. 

Optical  Trap:  Important  New  Tool  For  Manipulating 
Chromosomes 


0621 

0627 
0637 

0644 

0665 


PC  Database  To  Calculate  Stopping  Powers 
Available 


Transportation  &  Components 

0674     Serial  Escape  System  for  Aircraft  Crews — A  rocket 
ejection  system  enables  an  orderly  evacuation. 


Agriculture  &  Food 


0606  Irrigate-Why  Not  Chemigate 

0607  Microbial  Combinations  for  Tomorrow's  Agriculture 

0608  Paving  the  Way  for  Altered  Crop  Pests 

0609  Probe  Pinpoints  Powerful  Hormones  (Licensing  Opportunity) 

061 0  Sweet  Dreams  for  Plants 


Research  Technology 

Agricultural  Research  Service 

AU.S.  Department  of  Agriculture 


Irrigate?  Why  Not  Chemigate? 


Imagine  flipping  a  switch  to  auto- 
matically water,  fertilize,  and 
pest-proof  crops.  A  measured 
quantity  of  pesticide  is  automatically 
released  at  a  controlled  rate  into  the 
irrigation  water  by  equipment  de- 
signed for  this  purpose. 

It's  been  happening  for  some  time 
already.  A  growing  number  of  farm- 
ers who  irrigate  are  looking  at  sprin- 
klers as  a  cheaper  and  more  environ- 
mentally sound  way  to  apply  pesti- 
cides as  well  as  fertilizers.  Mixing 
weed  killers  and  other  chemicals  with 
irrigation  water  often  has  benefits 
over  spraying  by  airplane  or  tractor. 

There's  a  notable  safety  advan- 
tage: Applying  chemicals  in  irriga- 
tion water — dubbed  chemigation — 
eliminates  the  need  for  any  one  to  be 
in  the  field  when  the  chemicals  are 
being  applied. 

Another  advantage  is  economic: 
Chemigation  generally  costs  from  a 
third  to  half  that  of  aircraft  or  tractor 
applications. 

It  can  be  an  environmentally  sound 
way  to  apply  certain  pesticides.  In 
some  cases,  chemigation  enables 
farmers  to  reduce  total  chemical 
quantities;  two  smaller  applications 
may  be  made  over  two  or  more 
irrigations.  It  stands  to  reason  that 
using  less  of  a  chemical  reduces  the 
possibility  of  leaching  to  ground 
water,  a  growing  concern  among 
environmentalists  and  farmers. 

One  way  of  testing  this  supposi- 
tion is  by  computer  model.  The  U.S. 
Department  of  Agriculture  recently 
modified  its  main  groundwater 
pollution  model  to  evaluate  the 
leaching  potential  with  chemigation 
techniques  on  various  crops  and 
soils. 


Called  GLEAMS,  for  Groundwater 
Loading  Effects  of  Agricultural 
Management  Systems,  the  model  runs 
simulations  for  up  to  50-year  cycles. 

The  model  includes  weather  data 
compiled  from  1936  to  1985  at  the 
Coastal  Plain  Experiment  Station  near 
Tifton,  Georgia. 

Ralph  A.  Leonard,  soil  scientist 
and  project  leader  with  USDA's 
Agricultural  Research  Service  in 
Tifton,  says,  "We  need  to  see  what 
can  happen  under  all  possible  weather 
situations,  including  dry  and  wet 
years  and  everything  in  between." 

After  the  latest  change  in 
GLEAMS  to  include  chemigation,  the 
scientists  ran  simulations  with  10 
major  herbicides  and  one  nematicide, 


Chemigation,  an  economic  and  safe  way  of 
applying  pesticides.  (K-2308-15) 
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a  chemical  used  to  kill  nematodes  in 
the  soil. 

They  simulated  chemigation  and 
conventional  applications  for  each 
pesticide  on  two  soil  types,  chosen  to 
represent  two  extremes  commonly 
found  in  the  Southeast:  one  a  well- 
drained,  and  therefore  highly  leach- 
able,  sandy  soil;  the  other,  a  poorly 
drained  (much  less  susceptible  to 
leaching)  clay  soil.  GLEAMS  has 
data  stored  on  the  relevant  character- 
istics of  each  type. 

The  researchers  compared  their 
long-term  simulations  with  limited 
short-term  field  data  from  other 
experiments  at  Tifton.  They  found 
the  simulations  agreed  reasonably 
well  with  the  field  data.    This  gives 
them  confidence  that  with  further 
improvements,  GLEAMS  can  be  used 
to  evaluate  the  leaching  potential  of 


pesticides  under  different  chemiga- 
tion systems. 

Although  the  average  losses 
favored  chemigation,  there  were 
years  in  the  simulation  when  leaching 
was  higher  with  chemigation.  This 
happens  in  wet  years  when  rainstorms 
follow  chemigation. 

Leonard  says  chemigation  is  not  a 
magic  solution  to  potential  ground- 
water contamination.  "It  doesn't 
cause  a  chemical  to  behave  differ- 
ently. But  for  the  many  pesticides 
that  work  well  when  delivered  in 
multiple  applications,  you  may  get 
the  same  benefits  by  using  less 
pesticide." 

Ralph  A.  Leonard  is  at  the  USDA- 
ARS  Southeast  Watershed  Research 
Laboratory,  P.O.  Box  946,  Tifton, 
GA  31794  (912)  386- 
3462.   ♦ 


Research  Technology 

Agricultural  Research  Service 

A    U.S.  Department  of  Agriculture 


Microbial  Combinations  for  Tomorrow's  Agriculture 


Like  friends  who  work  together  compatibly,  some  mi- 
crobes can  team  up  to  help  crop  plants  grow  better. 

Plant  pathologist  Robert  G.  Linderman  and  colleagues  at 
the  ARS  Horticultural  Crops  Research  Laboratory  in 
Corvallis,  Oregon,  are  pairing  mycorrhizal  fungi  with 
other  soil  fungi  and  bacteria.  When  the  fungi  colonize 
the  roots,  they  help  the  plant  gather  water  and  nutrients 
and  help  defend  against  root-devastating  pathogens  such 
as  Pythium,  Rhizoctonia,  Phytophthora,  and  Fusarlum. 

Many  of  these  microbes  have  evolved  with  each  other 
and,  according  to  Linderman,  modern  agriculture  may 
have  inadvertently  disturbed  these  natural  relationships, 
reducing  the  potential  of  soil  organisms  to  help  each 
other  -  and  plants. 

To  compensate  for  the  drop  in  the  normal  activity  of  the 
helpful  microbes,  growers  use  more  fertilizers  and  more 
pesticides.  But  that  can  make  things  even  worse  for  some 
microorganisms. 

Linderman  says,  "That's  why  we're  trying  to  develop 
technology  growers  can  use  to  restore  these  carefully 
balanced  underground  ecosystems  and  find  ways  that 
powerful  new  combinations  of  microbes  can  be  put  to 
work  for  us." 

So  far,  says  Linderman,  most  of  the  biocontrol  organisms 
tested,  including  helpful  bacteria  such  as  fluorescent 
pseudomonads  and  fungi  such  as  Trichoderma,  are 
compatible  with  mycorrhizae. 

"Our  experiments  suggest  that  these  combinations  will 
improve  disease  suppression." 

Linderman 's  research  group  has  followed  the  lead  of 
ARS  plant  physiologist  Gabor  J.  Bethlenfalvay  and  his 
colleagues  in  Albany,  California,  in  matching  mycorrhi- 
zal fungi  with  beneficial  bacteria  that  convert  nitrogen 
from  soil  and  air  into  a  form  plants  can  readily  use. 

Experiments  by  both  groups  indicate  soybeans  and  other 
legumes  will  grow  more  vigorously  if  inoculated  with  the 
right  strains  of  these  two  beneficial  microbes  as  opposed 
to  being  inoculated  with  just  one  or  the  other.  For  exam- 


Through  cooperative  research,  Oregon  State  University 
graduate  student  Roberto  Valenciano  and  plant  pathologist 
Robert  Linderman  evaluate  the  growth  and  health  of  poinset- 
tias.  The  larger  plant  was  inoculated  with  a  combination  of  a 
mycorrhizal  fungus  and  a  biocontrol  agent. 


pie,  at  Corvallis  scientists  got  up  to  200  percent  more 
growth  of  a  leguminous  crop  treated  with  a  rhizobium/ 
mycorrhizal  fungus  combination. 

"We  still  know  little  about  how  soil  microbes  affect  one 
another,"  says  Linderman,  "but  we've  shown  that  finding 
the  right  blend  of  mycorrhizal  fungi,  rhizobia,  and  plant 
may  be  the  key  to  improved  yields." 

Since  mycorrhizal  fungi  aid  plants,  it's  important  to  be 
sure  that  any  other  microbes  growers  might  use  -  such  as 
those  that  fight  phytophthora  root  rot  in  the  nursery,  or- 
chard, or  field  -  don't  injure  the  mycorrhizae. 
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Lindcrman  and  ARS  colleagues  Joyce  E.  Loper  and 
Timothy  C.  Paulitz,  along  with  Oregon  Slate  University 
coopcrators  Robert  P.  Griffiths  and  Bruce  A.  Caldwell, 
are  developing  easy-to-use  tests  for  making  sure  that  this 


doesn't  happen. 

The  Environmental  Protection  Agency,  responsible  for 
evaluating  proposed  new  microbial  products,  is  funding    £ 
part  of  this  research.  m 


FOR  ADDITIONAL  INFORMATION:  Robert  G.  Linderman  is  at  the  USDA-ARS  Horticultural  Crops  Research 
Laboratory,  3420  Northwest  Orchard  Ave.,  Corvallis,  OR  97330;  (503)757-4544. 
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Paving  the  Way  for  Altered  Crop  Pests 


It's  kind  of  like  being  in  a  Jacuzzi 
with  a  porcupine." 
The  way  geneticist  Andrew  F. 
Cockbum  talks  of  his  new  genetic 
engineering  technique,  it  sounds  like 
a  kinky  twist  to  a  romantic  weekend 
retreat  in  the  mountains. 

That  technique,  Cockburn  says, 
"could  make  genetic  engineering  of 
pest  flies — and  possibly  grain 
crops — feasible  and  practical  where  it 
never  has  been  before."  It  may  lead 
scientists  to  create  flies  that  don't  bite 
or  crops  that  yield  more  grain. 

The  "Jacuzzi"  Cockburn  speaks  of 
is  actually  a  vortex  mixer,  an  ordi- 
nary piece  of  lab  equipment  com- 
monly used  to  spin  and  mix  chemi- 
cals.   His  "porcupine"  is  a  set  of 
whisker-thin  silicon  carbide  needles. 
The  "bathers"  are  fly  eggs  and 
foreign  genes. 

"Each  time  a  needle  gently  touches 
an  egg,"  Cockburn  says,  "a  tiny  hole 
results.  That  hole  allows  some  of  the 
genetic  material  to  enter  it." 

He  stresses  that  genes  that  actually 
cause  beneficial  changes  in  flies  and 
crops  still  need  to  be  found,  but  that 
half  the  battle  has  been  won  in  just 
finding  a  way  to  penetrate  cells. 

Cockburn  and  technician  Henry 
Meier,  both  in  ARS'  Insects  Affect- 
ing Man  and  Animals  Research 
Laboratory  at  Gainesville,  Florida, 
developed  the  method  for  fly  eggs. 
They've  already  shared  it  with  crop 
scientists  at  the  University  of  Florida 
who  are  adapting  it  for  use  on  citrus 
and  rice  cells. 

ARS  has  filed  a  patent  application 
for  the  method,  which  is  at  least  a 
thousand  times  faster  than  microin- 
jection, the  only  genetic  engineering 


method  used  for  fly  eggs  to  date. 

In  each  experimental  attempt,  the 
scientists  successfully  transferred 
material — either  a  test  gene  or  dye — 
into  thousands  of  fly  eggs  in  a  few 
minutes.  That's  compared  to  one  egg 
per  minute  with  microinjection, 
which  scientists  have  been  using  ex- 
perimentally for  decades. 

In  microinjection,  scientists  pain- 
stakingly insert  a  miniature  hypoder- 
mic needle  into  an  egg  while  watch- 
ing it  under  a  microscope.  They 
inject  new  material,  hoping  that  the 
egg  will  survive  to  incorporate  the 
new  genes. 

Microinjection  equipment  costs 
about  $15,000,  compared  to  the  $180 
price  tag  on  the  vortex.   "Almost 
every  lab  has  one,"  Cockburn  says. 

And  scientists  can  get  the  silicon 
carbide  whiskers  easily,  too.  Com- 
monly used  in  ceramics  (they  provide 
the  strength  to  stress-bearing  prod- 
ucts), the  whiskers  are  made  by  most 
suppliers  of  silicon  products. 

Cockburn  and  Meier  achieved  their 
incredible  success  rate  with  the 
Jacuzzi  method  on  the  first  try.  They 
suspect  they  could  do  even  better  by 
altering  vortex  speed,  whisker  num- 
bers, and  other  variables.  Further 
tests  are  planned  to  optimize  the 
technique. 

The  scientists  successfully  trans- 
ferred material  into  eggs  of  the  house 
fly,  stable  fly,  Caribbean  fruit  fly,  and 
the  non-pest  Drosophila  fly. 

Scientists  have  been  trying  for 
years,  without  success,  to  genetically 
engineer  pest  insects  and  grain  crops. 
As  Cockburn  points  out,  "Insect  eggs 
and  plant  cells  are  designed  to  keep 
things  out,  things  like  viruses,  bacte- 
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Laboratory  technician  Henry  Neier  uses  a  vortex  mixer  to  insert  new  genes  into  house  fly 
embryos,  a  much  faster  method  than  microinjection.   (K-3469-7) 


ria,  and  any  DNA  we  scientists  might 
try  to  insert." 

So  two  years  ago,  Cockbum  and 
ARS  chemist  David  Carlson  decided 
to  try  to  blast  through  that  natural 
barrier.  They  first  tested  a  gene  gun 
that  propels  gene-coated  pellets  into 
cells.  Carlson  made  the  gun  in  his 
garage  from  his  grandfather's  22- 
caliber  pistol.  In  most  cases,  the 
pellets  either  didn't  penetrate  insect 
eggs  or  "squashed  them  completely," 
he  says.  Pellets  penetrated  a  few 
eggs  successfully,  but  not  enough  to 
be  useful.  [Other  scientists  have 
tried  gene  blasting.  See  Agricultural 
Research,  June  1989,  p.  14.] 

So  with  a  grant  from  the  University 
of  Florida,  Cockbum  hired  Meier  and 
began  work  on  the  Jacuzzi  method. 


They  had  originally  decided  to 
borrow  a  nearby  lab's  sonicator,  a 
chamber  in  which  sound  waves  shake  a 
mixture  rapidly.  But  one  afternoon  in 
Gainesville,  torrential  rainfall  discour- 
aged Meier  from  walking  across  the 
parking  lot  to  the  lab  next  door.  He 
suggested  they  try  the  vortex,  located 
right  in  their  lab.  Cockbum  says,  "I 
laughed  and  said,  "That's  silly,  but  go 
ahead.'  He  did — with  such  incredible 
results  that  we  never  got  around  to 
trying  the  sonicator." 

Andrew  F.  Cockbum  is  in  the 
USD  A- ARS  Insects  Affecting  Man  and 
Animals  Research  Laboratory,  1700 
SW  23rd  Dr.,  P.O.  Box  14565, 
Gainesville,  FL  32604  (904)  374- 
5873.   ♦ 
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Probe  Pinpoints  Powerful  Hormones 


If  you  take  a  leaf  that's  turning 
yellow  and  dying  and  put  a  drop  of  a 
compound  known  as  cytokinin  on  it,  in 
just  a  few  days  the  spot  where  the  drop 
hit  will  turn  green.   Little  chloroplast 
energy  factories  within  the  leaf  would 
have  started  back  to  work. 

That's  how  powerful  the  cytokinin 
hormones  of  green  plants  are  at 
thwarting  natural  aging. 

And  that's  why  plant  breeders  and 
molecular  biologists  dream  of  the  day 
when  they  can  manipulate  the  way 
plants  handle  cytokinins. 

Revving  up  cytokinin  output,  for 
example,  might  stave  off  natural  aging 
just  long  enough  for  crops  like  wheat 
to  stash  extra  protein  into  each  plump 
kernel  before  harvest.   The  opposite 
approach  could  also  offer  exciting  new 
options:    Slowing  down  a  plant's 
normal  cytokinin  production  could 
accelerate  ripening.   That  might  give 
growers  a  chance  to  squeeze  two  crops 
into  a  growing  season  that  would 
normally  yield  only  one. 

Scientists  are  not  talking  about 
dousing  crops  with  cytokinin-based 
sprays.   Rather,  these  strategies  rely  on 
redirecting  the  plant's  natural  cytoki- 
nin production.   To  do  this,  however, 
scientists  must  first  find  answers  to 
puzzling  questions  about  when,  where, 
and  how  plants  make  the  hormone. 

ARS  scientists  David  L.  Brandon 
and  Joseph  W.  Corse  of  the  Western 
Regional  Research  Center,  Albany, 
California,  have  developed  a  new  test 
that  uses  proteins  called  monoclonal 


antibodies  to  quickly  find  and  snare 
cytokinins. 

The  probe  seeks  and  binds  to  the 
hormone's  inactive,  or  O-glycosylated 
form.   Plants  supposedly  put  that  form 
into  short-term  storage,  taking  it  out 
when  they  need  to  convert  it  back  to 
the  active  chemical. 

Plants  could  possibly  be  genetically 
programmed  to  put  more  of  their 
cytokinin  into  the  storage  form  and 
thus  age  faster.  They  might  also  be 
programmed  to  take  more  of  it  out  of 
storage  and  fend  off  old  age. 

The  probe  is  extremely  sensitive.  In 
small  samples  made  from  ground-up 
extracts  of  plant  leaf,  stem,  or  root,  the 
new  antibodies  ferret  out  the  hormone 
in  quantities  tinier  than  a  nanogram 
(300,000  times  smaller  than  a  grain  of 
salt). 

Technical  information  is  available 
from  David  L.  Brandon  and  Joseph  W. 
Corse,  USDA-ARS  Western  Regional 
Research  Center,  800  Buchanan  St., 
Albany.  CA  94710  (415)  559-5783. 
U.S.  Patent  Application  Serial  No.    071 
334,069,  "Antibodies  to  Cytokinins 
Having  a  Glycosylated  Isoprenoid  Side 
Chain  and  Immunoassay  Methods."  ♦ 

Inquiries  concerning  rights  for  commercial  use  of  this 
invention  should  be  addressed  to: 

Office  of  Federal  Patent  Licensing 

Center  for  the  Utilization  of  Federal  Technologv 

Room  304,  NTIS 

Springfield,  VA  22161 

(703)  487-4738 

Refer  to  Patent  Application  07/334,069ATN 
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Sweet  Dreams  for  Plants 


Storage  centers  all  over  the  world 
maintain  stocks  of  seeds  to  help 
preserve  the  natural  diversity  of  plants. 
But  what  do  you  do  with  plants  that  are 
not  commonly  grown  from  seed — plants 
such  as  sweetpotatoes? 

You  could  plant  all  the  varieties  of 
such  a  crop  each  spring,  harvest  and 
overwinter  them,  and  repeat  the  cycle 
year  after  year.  But  that  continually 
risks  losing  a  variety  to  disease,  preda- 
tors, or  plain  bad  luck. 

Tissue  culture  storage  can  eliminate 
those  problems,  but  plants  such  as 
sweetpotatoes  quickly  outgrow  the  test 
tubes  in  which  they  are  stored  or  use  up 
the  growth  media.  And  with  conven- 
tional tissue  culture  techniques,  plants 
have  to  be  recultured  every  90  days,  a 
very  time-consuming  process. 

But  ARS  horticulturist  Robert  L. 
Jarret  has  developed  a  way  to  slow 
sweetpotatoes  down  to  almost  a  com- 
plete stop — to  put  them  into  deep  sleep 
without  affecting  them  in  the  long  term. 
This  would  make  tissue  culture  storage 
much  more  practical. 

"It's  like  suspended  animation," 
Jarret  says. 

He  uses  a  combination  of  lowering 
the  temperature  to  70°F  and  reducing 
the  carbohydrate  level  in  the  growth 
media  from  3  percent  to  2  percent. 

"These  conditions  allow  perfectly 
normal  growth  except  it  is  very,  very 
slow.  The  leaves  still  look  bright  and 
green,"  he  says. 

So  far,  Jarret  has  been  able  to  stretch 
the  time  between  tissue  culture  regen- 
erations to  12  months. 

And  when  he  takes  the  plants  out  of 
the  test  tubes  and  transfers  them  to  soil, 
the  plants  immediately  begin  growing 
at  a  normal  rate  again. 

"That  was  really  the  hard  part — not 
slowing  them  down  but  making  it  so 
the  treatment  would  not  cause  any 
changes  in  plants  when  we  needed 
them  to  grow  normally  again  later," 
says  Jarret.   It  was  also  difficult  to  find 


PERRY   RECH 


Technician  Kitty  VanSickles  checks 
sweetpotato  plants  that  are  nearly  in 
suspended  growth.  (K-3461-14) 


a  combination  of  conditions  that  would 
uniformly  affect  all  the  different 
varieties.  At  the  moment  he  has  more 
than  600  varieties  of  sweetpotatoes  in 
slow  growth  storage. 

Jarret  hopes  to  stretch  the  time 
between  regenerations  up  to  2  years. 

To  achieve  this,  he  is  studying  the 
effect  of  changing  photoperiod  (the 
light/dark  cycle)  along  with  nutrition 
and  temperature.   "There  could  be 
synergistic  effects  from  altering  all 
three  factors  that  would  cause  the 
plants  to  slow  down  even  more,"  he 
maintains. 

Jarret  is  also  looking  into  the 
possibility  of  controlling  growth  using 
hormones  such  as  abscisic  acid  (ABA). 
"Under  the  right  conditions,  the  addi- 
tion of  ABA  may  be  able  to  just  stop  a 
plant  in  its  tracks  without  harming 
it." 


Robert  Janet  is  at  the  USDA-ARS 
Plant  Introduction  Research  Station, 
Flynt  Building.,  Griffin,  GA  30223- 
7255(404)228-7207.    ♦ 
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0611  Reconfigurable  M-Dimensional  Computer  Memory  Developed 

0612  Automatic  Monitoring  ot  Complicated  Systems — Computers  can  perform 
routine  analysis  of  operations,  alerting  human  operators  to  signs  of 
trouble. 

0613  Programmable  Direct-Memory-Access  Controller — Features  include 
autonomy  and  the  ability  to  perform  functions  normally  reserved  for  a 
CPU. 

0614  Peripheral  Equipment  Interchanges  Bytes  of  Data — A  pair  of  circuit 
boards  relieves  a  central  processing  unit  of  this  task. 


Other  Items  of  Interest 

0645  Improved  Packaging  For  VLSIC 

0646  New  Infrared  Solder  Subsystem 
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Reconfigurable  M-Dimensional  Computer  Memory 
Developed 


Conventional  computer  mem- 
ory is  "structurally  linear"  in 
nature,  and  its  access  can  therefore 
only  occur  in  a  one-directional 
"linear"  manner.  Memory 
constructed  in  this  way  has  certain 
efficiency  limitations  when  dealing 
with  such  applications  as  matrix 
and  array  processing  in  that 
software  must  be  used  to 
manipulate  accessed  data  outside 
memory  to  place  it  in  proper  form 
for  processing  and  updating.  In 
addition,  when  conventional 
memory  is  shared  in  a  multiple 
processor  environment,  memory 
access  control  acquires  additional 
complexity  to  prevent  access 
collision.  The  development  and 
utilization  of  multiply  partitioned 
m-dimensional   memory   archi- 


tectures will  alleviate  many  of 
these  problems  by  providing  a 
storage/retrieval  media  that  can 
efficiently  service  associated 
computational  processes  with  one- 
dimensional  hyperplanes  of  data 
that  can  be  obtained  in  a  single 
access,  or  fewer  accesses,  than  are 
required  via  conventional  computer 
memory. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)663-8921 

Refer  to  140905/TN 
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Automatic  Monitoring  of  Complicated  Systems 

Computers  can  perform  routine  analysis  of  operations, 
alerting  human  operators  to  signs  of  trouble. 


A  collection  of  computer  programs  is 
being  developed  for  an  expert  computer 
system  that  will  perform  the  complicated, 
tedious,  and  repetitive  portions  of  the  anal- 
ysis of  telemetry  data  from  spacecraft.  By 
relieving  human  operators  of  these  tasks, 
the  system  will  not  only  provide  nonstop, 
accurate  surveillance  of  the  incoming  data 
but  will  also  free  the  operators  to  concen- 
trate their  expertise  on  unexpected,  abnor- 
mal operating  conditions.  The  general  soft- 
ware concept  has  obvious  potential  for  use 
in  such  terrestrial  systems  as  production 
lines,  power-distribution  networks,  chemi- 
cal processes,  large  airplanes,  and  other 
assemblies  of  interdependent  equipment. 

The  prototype  system  (see  figure)  per- 
forms real-time  verification  of  all  incoming 
data.  When  the  system  is  unable  to  explain 
discrepancies  with  certainty  as  resulting 
from  data  out  of  synchronization  or  other 
false-alarm  conditions,  the  system  triggers 
alarm  devices  to  request  assistance  from 
designated  individuals. 

The  system  incorporates  a  knowledge 
base,  currently  estimated  to  contain  sev- 
eral hundred  relevant  facts  and  rules  for 
performing  the  analysis.  The  system  also 
contains  a  powerful  inference  engine 
(software  for  performing  reasoning  and 
logical  deduction).  The  system  incorpo- 
rates standard  programs  for  the  proc- 
essing of  numbers,  for  which  expert-sys- 
tem/artificial-intelligence techniques  are 
unsuitable.  The  system  can  be  overriden 
by  individuals  with  appropriate  knowledge, 
experience,  and  permission  to  do  so. 

The  system  is  implemented  hierarchi- 
cally by  use  of  a  commercial  expert-sys- 
tem-shell computer  program  that  serves 
as  the  framework  for  the  knowledge-based 
portion  of  the  system.  One  top-level  C  pro- 
gram accepts  the  incoming  data  through  a 
serial  input  port  and  buffers  the  data  for 
use  as  needed.  Another  top-level  program 
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The  Prototype  System  monitors  incoming  data  and  compares  them  to  simulated  data  that 
have  been  adjusted  to  reflect  recent  and  unsimulated  real-time  commands. 


both  receives  data  from  the  telemetry-sim- 
ulation facility  and  accepts,  from  an  opera- 
tor keyboard,  input  containing  information 
on  real-time  commands  that  have  been  is- 
sued and  that  are  not  accounted  for  in  sim- 
ulation. 

The  two  top-level  programs  feed 
streams  of  actual  and  simulated  data  to  the 
knowledge-based  kernel  of  the  program, 
which  resides  at  the  second  level  of  the 
hierarchy.  The  knowledge-based  kernel 
calls  lower-level  algorithmic  routines  as 
they  are  needed  to  process  numbers.  The 
results  are  returned  to  the  kernel  from  the 
lower-level  routines.  These  results  con- 
stitute additional  inputs  that,  in  conjunction 
with  production  rules,  assist  the  knowl- 


edge-based kernel  in  producing  an  analy- 
sis for  each  line  of  real-time  telemetry. 

The  hierarchical  organization  of  this  pro- 
gram provides  for  automated  supervision 
of  the  analysis  process.  For  the  longer 
term,  this  organizational  modularity  will 
also  enable  integration  of  the  prototype 
system  into  a  larger  future  system  of  co- 
operating experts  that  will  be  responsible 
for  a  larger  set  of  monitoring  and  mainten- 
ance tasks. 

This  work  was  done  by  Ursula  M. 
Schwuttke  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-17409/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Programmable  Direct-Memory-Access  Controller 

Features  include  autonomy  and  the  ability  to  perform  functions  normally  reserved  for  a  CPU. 


A  proposed  programmable  direct-mem- 
ory-access controller  (DMAC)  would  oper- 
ate with  computer  systems  of  the  32000 
series,  which  have  32-bit  data  buses  and 
use  addresses  of  24  (or  potentially  32)  bits. 
The  controller  could  function  with  or  without 
the  help  of  a  central  processing  unit  (CPU) 
and  would  start  itself.  It  would  include  such 
advanced  features  as  the  ability  to  com- 
pare two  blocks  of  memory  for  equality  and 
to  search  a  block  of  memory  for  a  specific 
value.  The  controller  would  be  made  as  a 
single  very-large-scale  integrated-circuit 
chip. 

The  figure  shows  basic  structure  of  a 
computer  system  with  a  DMAC.  The  bus 
includes  separate  control  (C),  address  (A), 
and  data  (D)  lines.  The  CPU  and  DMAC  act 
as  coprocessors;  both  are  capable  of  driv- 
ing all  bus  signals.  One  or  the  other  (or 
neither)  is  the  bus  master  at  any  time.  The 
CPU  is  the  overall  system  master.  The 
DMAC  requests  the  bus  by  asserting 
HOLD.  The  CPU  releases  the  bus  and  as- 
serts HOLDA  (hold  acknowledge)  to  the 
DMAC  The  DMAC  executes  its  task  and 
relinquishes  HOLD  when  finished;  the  CPU 
resumes  its  processing.  When  the  DMAC 
is  the  bus  master,  it  must  generate  control 
signals  like  those  generated  by  the  CPU. 

The  DMAC  has  four  identical,  independ- 
ent channels.  A  priority  controller  resolves 
conflicts  arising  from  simultaneous  re- 
quests for  access  to  the  bus.  Channel  pri- 
orities are  programmed,  not  hard  wired. 

Each  channel  has  a  pair  of  "handshake" 
lines,  CREQ  and  CACK.  If  the  channel 
drives  an  input/output  (I/O)  device,  these 
lines  are  connected  to  it.  The  device  as- 
serts CREQ  when  it  needs  service;  the 
channel  asserts  CACK  when  the  device  is 
allowed  access  to  the  bus.  In  a  memory- 
only  DMA  process,  the  handshake  lines 
are  not  used;  the  channel  decides  when  to 
request  the  bus,  using  the  autorequest 
mechanism. 

The  DMAC  supports  32-bit  data  buses 
by  providing  the  four  bus-enabling  signals 
BEO  through  BE3.  The  DMAC  data  lines 
are  connected  to  the  low  16  bits  (two 
lowest  bytes)  of  the  data  bus.  In  a  32-bit 
system,  external  logic  must  be  used  to 
multiplex  the  high  and  low  halves  of  a  data 
word  onto  the  data  lines  of  the  DMAC  for 
transfer  of  32-bit  data  in  two  16-bit  pieces. 


GLOBAL  REGISTERS 


NAME 

CONTENTS 

Control 

SYSBAR 

ISR 

Data  Size,  Channel  Priorities 
Bus  Access  Register  for  the  Chip 
Interrupt  Status  Register 

CHANNEL  REGISTERS 


NAME 

CONTENTS 

Command 

Bit  Fields  Defining  the  Operation 

Count 

Repeat  Count  for  the  Operation 

PTR1-MS 

High  Half  of  Address  Pointer  1 

PTR1-LS 

Low  Half  of  Accress  Pointer  1 

PTR2-MS 

High  Half  of  Address  Pointer  2 

PTR2-LS 

Low  Half  of  Address  Pointer  2 

SAR-MS 

High  Half  of  Sequence  Address 

SAR-LS 

Low  Half  of  Sequency  Address 

CSR 

Channel-Status  Register 

BAR 

Bit  Fields  Controlling  Bus  Access 

ACC 

General  Data  Values 

ITC 

Iteration  Counter 

STOPC 

State/Opcode  Values 

\ 


0 



CPU 

TCU 

DMAC          2 
3 

HOLD, 
HOLDA 

Bus 

c 

- 

A 

D  —    - 

T 

Random-Access 
Memory 

Addressed 

I/O 

Nonaddressed 
I/O 

IORC 
IOW 

R 

CREQ 

/CACK 

L-Ht 

QIC 

.AL 

K 

1.  "TCU"  means  "timing-and-control  unit." 

2.  "IORD"  means  "reading  input/output  device." 

3.  "IOWR"  means  "write  to  Input/output  device.' 

4.  Other  definitions  are  given  in  the  text. 


The  Programmable  DMAC  would  share  control  of  the  computer  data  bus  with  the  CPU.  The 
program  for  the  DMAC  would  be  contained  in  its  global  and  channel  registers. 
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Addresses  are  incremented  or  decre- 
mented between  successive  operations  by 
a  programmed  value  in  the  range  -7  to 
+7  (including  zero  for  constant  address 
values).  Addresses  can  thus  be  manipulat- 
ed in  a  general  manner.  The  available 
classes  of  operations  on  data  are  shown  in 
the  table. 

The  DMAC  consists  of  a  global  area  and 
four  individual  channel  areas.  Each  area 
has  a  set  of  registers,  as  shown  in  the  detail 
in  the  upper  part  of  the  figure.  All  registers 
are  16  bits  wide;  32-bit  address  values  are 
implemented  as  register  pairs. 

The  DMAC  has  two  modes  of  operation: 
passive  and  active.  In  the  passive  mode,  it 
acts  as  a  memory-mapped  I/O  device,  with 
an  address  for  each  register.  For  the  sake 
of  testability,  all  registers  are  both  readable 
and  writable.  In  the  active  mode,  the 
DMAC  acts  as  bus  master  for  tasks  that 
have  been  programmed  into  it. 

Although  the  DMAC  can  be  programmed 
in  the  passive  mode  by  writing  appropriate 
values  to  the  registers,  it  is  preferable  to 
program  it  in  the  active  mode  by  means  of 
command  records  placed  in  memory  by 
the  CPU.  Certain  registers  are  then  written 
in  the  passive  mode  to  initialize  and  start  it. 


Number  of 

Width  of 

Operation 

Addresses 

Data  (in  Bits) 

Transfer  From  Memory  to  Memory 

2 

16 

Transfer  Between  Memory  and  Memory-Mapped  Input/Output 

2 

16 

Comparison  of  Blocks  of  Memory 

2 

16 

Transfer  Between  Memory  and  Nonaddressed  Input/Output 

1 

16,32 

Copy  Value  to  Memory 

1 

16 

Search  Memory  for  Value 

1 

16 

Generate  a  Check  Sum 

1 

16 

These  Operations  Would  Be  Performed  on  data  by  the  programmable  DMAC. 


This  work  was  done  by  David  F.  Hen- 
dry of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 
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Peripheral  Equipment  Interchanges  Bytes  of  Data 

A  pair  of  circuit  boards  relieves  a  central  processing  unit  of  this  task. 


A  method  for  the  conversion  of  data 
formats  between  incompatible  computers 
reduces  conversion  time  by  80  percent. 
The  method  transposes  the  high  and  low 
bytes  of  a  word  so  that  data  from  computer 
A  match  the  storage  format  of  computer  B. 

In  the  application  for  which  the  method 
was  developed,  data  are  acquired  from 
test  firings  of  rocket  engines;  in  a  typical 
test,  about  40  data  files  of  16,000  blocks 
apiece  are  processed.  Previously,  the  cen- 
tral processing  unit  of  computer  A  (a  Digi- 
tal Equipment  Corp.  VAX  1 1  /750)  was  used 
to  convert  the  data  and  took  about  10  min 
to  convert  each  file.  Therefore,  the  total 
conversion  time  was  400  min. 

In  the  new  method,  a  file  can  be  con- 
verted in  only  2  min.  This  is  fast  enough  to 
enable  the  data  to  be  recorded  on  mag- 
netic tape  while  they  are  being  acquired. 
The  40  files  can  be  converted  in  only  80 
min.  Computer  B  (a  Perkin-Elmer  system) 
can  then  use  the  tape  directly. 

In  the  new  method,  two  interface  circuit 
boards  convert  the  data.  Such  boards  are 


ordinarily  used  for  communication  be- 
tween computers.  In  the  format-conver- 
sion application,  the  cable  connecting  the 
boards  is  modified  so  that  the  high-8-bit 
and  low-8-bit  data  lines  are  interchanged 
(see  figure),  with  the  result  that  the  data 
words  are  in  the  proper  format  for  comput- 
er B. 

The  byte-swapped  data  flow  from  com- 
puter A  over  a  local-area  network  (Ethernet) 
to  a  host  computer  (a  MicroVAX  II),  which 


Data 
In 


Interface  Circuit  Boards 
(DR11W  or  Equivalent) 


sends  the  data  to  a  6,200-bit-per-in. 
(2.44-kilobit-per-cm)  tape  drive  for  record- 
ing. The  recorded  data  can  then  be  trans- 
ferred to  computer  B  for  further  proc- 
essing. 

This  work  was  done  by  Robert  B.  Aguilar 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center   No  further 
documentation  is  available. 
MFS-29478/TN 


Tape-Recorder- 
Controlling 
Computer 
(MicroVAX  II 

or  Equivalent) 


Tape 
Drive 


To 

Computer 

B 


Byte-Swapped 
Data 


A  Pair  of  Interface  Boards  reverses  positions  of  high  and  low  bytes  of  data.  The  boards  are 
housed  in  computer  A.  Another  computer  feeds  the  converted  data  to  a  tape  recorder.  The 
tape  can  be  transferred  subsequently  to  computer  B. 
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Calculating  Second-Order  Effects  in  MOSFET's 

These  effects  become  important  as  dimensions  shrink  to  a  micron. 


A  collection  of  mathematical  models  in- 
cludes second-order  effects  in  n-channel, 
enhancement-mode,  metal-oxide-semi- 
conductor field-effect  transistors  (MOS- 
FET's). When  dimensions  of  circuit  ele- 
ments were  relatively  large,  these  effects 
could  be  neglected  safely.  However,  as  the 
very-large-scale  integration  of  microelec- 
tronic circuits  leads  to  MOSFET's  shorter 
or  narrower  than  2  /im,  these  effects  be- 
come significant  in  design  and  operation. 
Such  computer  programs  as  the  widely- 
used  "Simulation  Program  With  Integrated 
Circuit  Emphasis,  Version  2"  (SPICE  2)  in- 
clude many  of  these  effects. 

The  first-order  equations  for  the  thresh- 
old voltage  and  drain  current  are  derived 
from  basic  equations  of  electrostatics  and 
the  physics  of  semiconductors,  with  simpli- 
fying assumptions  regarding  the  distribu- 
tions of  charges,  currents,  and  electrosta- 
tic potentials.  The  second-order  equations, 
which  provide  partial  corrections  for  these 
assumptions,  are  grouped  into  four  cate- 
gories. 

One  category  includes  equations  for  the 
effects  of  shortness  and  narrowness  of  the 
channel  on  the  threshold  voltage.  The  sec- 
ond-order equation  for  the  short-channel 
effect  is  derived  by  representing  the  side- 
view  cross  section  of  the  gate-depletion 
region  as  a  trapezium  or  trapezoid,  to  ac- 
count for  the  encroachment  of  the  junc- 
tion-depletion regions  on  the  rectangular 
gate-depletion  region  of  the  first-order 
model.  The  second-order  equation  of  the 
narrow-channel  effect  accounts  for  the 
fact  that  the  gate  depletion  includes  an  ap- 
proximately-wedge-shaped bulge  beyond 
the  sides  of  the  metal  gate  (see  figure).  This 
category  also  includes  the  static  feedback 
effect,  alternatively  called  drain-induced 
barrier  lowering,  which  accounts  for  the  ef- 
fect of  the  drain-to-source  voltage  on  the 
threshold  voltage. 

The  next  category  involves  equations 
for  the  drain-to-source  current.  The  effects 
of  shortness,  narrowness,  and  drain-in- 
duced barrier  lowering  are  taken  into  ac- 
count to  obtain  a  more  precise  equation  for 
the  drain  current.  Of  particular  interest  are 
the  equations  for  saturation  and  subthres- 
hold (leakage)  drain  currents.  This  cate- 
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CROSS  SECTION  LOOKING  ALONG  CHANNEL 


In  the  Second-Order  Models  of  an  n-channel,  enhancement-mode  MOSFET,  the  first-order 
gate-depletion  region  is  diminished  by  triangular-cross-section  deletions  on  the  end  and 
augmented  by  circular-wedge-cross-section  bulges  on  the  sides. 


gory  also  includes  an  equation  for  the 
shortening  of  the  effective  channel  length 
that  occurs  when  the  drain-to-source 
voltage  exceeds  the  saturation  value. 

The  models  of  the  third  category  ac- 
count for  the  decrease  of  the  drift  mobility 
of  electrons  at  the  surface  of  the  channel. 
Such  quantities  as  the  drain  current  and 
the  propagation  delay  depend  strongly  on 
the  mobility.  Transverse  electric  fields  af- 
fect the  mobility  by  driving  electrons  into 
the  Si/Si02  interface,  while  longitudinal 
electric  fields  affect  mobility  via  the  drift 
velocity.  The  effect  of  both  fields  combined 
can  be  expressed  in  a  single  equation  as  a 
function  of  the  drain-to-source  voltage. 


The  last  category  includes  equations  for 
capacitance  and  the  conservation  of  elec- 
tric charge.  For  this  purpose  a  MOSFET  is 
represented  by  an  assembly  of  capacitors 
with  appropriate  series  and  parallel  con- 
nections. Equations  for  the  input  capaci- 
tance under  saturated  and  unsaturated 
conditions  are  derived  from  the  basic 
equations  for  the  gate/source-  and  gate/ 
drain-depletion  capacitances. 

This    work    was    done    by    Reuben 
Benumof,  John  A.  Zoutendyk,  and  James 
R.   Cross  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17395/TN 
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Gallium  Arsenide  Domino  Circuit 

Advantages  include  reduced  power  and  high  speed. 


An  experimental  gallium  arsenide  field- 
effect-transistor  (FET)  domino  circuit  could 
be  replicated  in  large  numbers  for  use  in 
dynamic-logic  systems.  The  name  of  the 
circuit  denotes  the  mode  of  operation,  in 
which  logic  signals  propagate  from  each 
stage  to  the  next  when  successive  stages 
are  operated  at  slightly  staggered  clock  cy- 
cles, in  a  manner  reminiscent  of  dominoes 
falling  in  a  row.  The  circuit  fulfills  a  need  for 
low-power,  fast,  dynamic  logic  circuits  with 
acceptable  noise  margins. 

The  building  block  of  the  GaAs  domino 
circuit  includes  an  input  substage  that  ex- 
ecutes the  input  combinational  logic.  In  the 
example  of  the  figure,  this  substage  con- 
sists of  a  clocked  inverter  Q5  in  series  with 
an  AND  gate  of  one  to  four  inputs  (Q1(v4). 
When  the  clock  signal  goes  high,  the  gate 
capacitance  of  Q6  at  node  A  is  precharged 
through  Q5,  causing  Q6to  predischarge  C. 
The  high  clock  signal  also  causes  Q8  to 
conduct  strongly,  bringing  the  output  volt- 
age, vout,  down  to  the  drain-supply  voltage 
V^.  This  prepares  the  circuit  for  the  trans- 
fer of  information  from  the  preceding  stage 
to  the  following  stage  during  the  subse- 
quent low-clock-signal  half  cycle. 

The  operation  of  the  circuit  depends  on 
a  peculiarity  of  GaAs  FET's:  a  slightly- 
negative  gate-to-source  voltage  is  required 
to  cut  off  conduction.  When  the  clock  sig- 
nal goes  low,  Q5  is  cut  off.  If  any  input  is  low, 
then  the  charge  stored  in  the  gate  capaci- 
tance at  node  A  maintains  Q6  above  or 
near  a  gate-to-source  voltage  of  zero, 
causing  Q6  to  continue  to  conduct,  thereby 
keeping  C  discharged  and  the  output  low. 
The  advantage  of  this  arrangement  is  that 
the  low  gate-to-source  voltage  keeps  the 
gate  leakage  low. 

If  all  the  inputs  are  high,  the  gate  capac- 
itance of  Q6  is  discharged  through  Q^, 
bringing  node  A  down  to  ground  voltage. 
The  diodes  in  series  with  Q6  supply  enough 
negative  bias  to  the  gate  of  Q6  so  that  when 
node  A  is  thus  grounded,  conduction  in  Q6 
is  nearly  cut  off.  This  causes  the  voltage  at 
node  6  to  rise  toward  the  drain-supply  volt- 
age V^.  Because  the  low  clock  signal  also 
cuts  off  Q8  (provided  that  Vgg  is  somewhat 


vdd 


I 

Clock  p 

Q5 

1 ► 

Q? 

B 

1 

Signal 

A 

°6 

Clock  q      m 
m            Signal 

< 

Inputs 

From    1 

Q-)^4 

Preceding  - 

Stage 

1~4 

< 

1 

b 

vout  to 
-O  Following 
Stage 


Input  Substage  Inverter  Substage 

Note:  All  Q,  are  GaAs  field-eftect  transistors. 


Level-Shifting 
Substage 


The  Building  Block  of  the  Domino  Circuit  includes  input,  inverter,  and  level-shifting  sub- 
stages.  The  combinational  logic  is  executed  in  the  input  substage.  During  the  low  half  of  the 
clock  cycle,  the  result  of  the  logic  operation  is  transmitted  to  the  following  stage. 


above  ground),  the  rise  in  voltage  at  6  is 
transmitted  through  C  to  the  output. 

The  required  value  of  C  depends  on  the 
required  swing  in  output  voltage,  the  ca- 
pacitances of  the  interconnections,  and 
the  fanout  because  the  charge  stored  in  C 
is  shared  by  the  load  capacitances.  In  a  cir- 
cuit that  has  very  long  interconnections  or 
a  large  fanout,  a  static  source  follower  is 
preferable  to  a  coupling  capacitor. 

This  work  was  done  by  Long  Yang  and 
Stephen  I.  Long  of  the  University  of 
California  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries    concerning   nonexclusive    or 


exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17417/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Wideband  Microstrip  Antenna-Feeding  Array 


Special  impedance-matching 
probes  help  to  reduce 
feed  complexity. 

A  lightweight  array  of  microstrip  anten- 
na elements  is  designed  to  transmit  and  to 
illuminate  a  reflector  antenna  with  circular- 
ly polarized  radiation  at  1,545  to  1,550  MHz 
and  to  receive  circularly  polarized  radia- 
tion at  1,646  to  1,660  MHz.  The  array  is  a 
cluster  of  seven  subarrays  (see  Figure  1), 
each  of  which  contains  four  linearly- 
polarized  microstrip  radiating  elements  ar- 
ranged at  90°  intervals  of  orientation  and  of 
phase  at  the  feed  points.  The  array  is  in- 
tended to  be  part  of  a  larger  overlapping- 
cluster  array  that  will  generate  multiple 
contiguous  beams. 

The  subarrays  are  made  from  honey- 
comb-supported microstrip  substrates  0.5 
in.  (12.7  mm)  thick.  This  thickness  —  about 
0.07  wavelength  at  the  operating  frequen- 
cies —  is  unusually  large  for  a  microstrip 
radiator  and  is  needed  to  achieve  the  re- 
quired bandwidth  of  7.5  percent.  The  radi- 
ating patches  of  each  subarray  are  fed  by  a 
strip-line  four-way  hybrid  power  divider  that 
includes  delay  lines  to  obtain  the  0°,  90°, 
180°,  and  270°  phases  at  the  feed  points. 
The  six  outer  subarrays  are  fed  at  an  ampli- 
tude 13  dB  below  that  of  the  central  subar- 
ray to  obtain  the  proper  edge  taper  for  low 
side  lobes 

Because  the  substrate  is  relatively  thick, 
it  generates  relatively-large  surface  waves, 
which  give  rise  to  undesired  coupling  be- 
tween the  subarrays.  This  coupling  can , 
give  rise  to  asymmetry  in  the  components 
of  the  radiation  field  and  degrade  the  cir- 
cular polarization.  Metallic  baffles  1  in.  (2.5 
cm)  tall  are  therefore  installed  between  the 
subarrays  to  block  out  most  of  the  surface 
waves.  Within  each  subarray,  the  orienta- 
tion and  phase  relationships  among  the  ra- 
diating patches  suppress  most  of  the  ef- 
fects of  the  surface  waves. 

Normally,  impedance-matching  circuit 
sections  would  be  added  to  the  power- 
dividing  circuits  to  tune  out  the  induc- 
tances at  the  feed  points.  However,  these 
sections  increase  the  size  and  complexity 
of  the  circuits  and  introduce  additional 
I  losses.  Therefore,  for  simplicity,  the  im- 
pedances are  matched  at  each  feed  point 
by  a  teardrop-shaped  probe  (see  Figure  2). 
The  teardrop  shape  introduces  the  capaci- 


Microstrip 
Patch 


CLUSTER  OF  SUBARRAYS 


Phase  =  270 
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FEED  PATTERN  OF  SUBARRAY 

Figure  1.  The  Microstrip  Array  is  a  cluster  of  7  subarrays  containing  a  total  of  28  microstrip 
patches.  The  array  produces  a  circularly  polarized  beam  with  suitable  edge  taper  to  illumi- 
nate a  reflector  antenna. 
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tance  needed  to  cancel  the  effect  of  the 
undesired  inductance. 

The  array  achieves  an  axial  ratio  of  0.8 
dB  (0  dB  indicates  pure  circular  polariza- 
tion) at  the  peak  of  the  radiation  pattern, 
and  the  voltage  standing-wave  ratio  re- 
mains below  1.5  across  the  required  7.5- 
percent  frequency  band.  A  bandwidth  of  10 
to  15  percent  should  be  achievable  by  use 
of  a  thicker  substrate  and  a  similar  design. 

This  work  was  done  by  John  Huang  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL  Refer  to 
NPO-17548/TN. 
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Figure  2.  The  Teardrop-Shaped  Feed  Probe 

provides  a  gradual  change  of  field  from  a 
coaxial  transmission  line  into  the  micro- 
strip  substrate.  The  shape  is  not  critical. 
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Fieid-lnduced-Gap  Infrared  Detectors 

Semimetals  would  become  semiconductors  under  applied  magnetic  fields. 


Tunable  detectors  of  infrared  radiation 
would  be  made  by  applying  magnetic  fields 
to  semimetals,  according  to  a  proposal. 
The  new  detectors  would  require  less  cool- 
ing equipment  because  they  would  oper- 
ate at  temperatures  somewhat  higher  than 
the  liquid-helium  temperatures  required 
by  extrinsic-semiconductor  detectors.  The 
magnetic  fields  for  the  new  detectors 
would  be  provided  by  electromagnets  based 
on  the  recently-discovered  high-transition- 
temperature  superconducting  materials. 

The  detector  material  has  to  be  a  semi- 
conductor, in  which  a  photon  is  absorbed 
by  exciting  an  electron/hole  pair  across  the 
gap  Eg  of  forbidden  energies  between  the 
valence  and  conduction  energy  bands.  In  a 
semimetal  of  the  gray-tin  type  [for  example, 
a-Sn,  HgTe,  HgSe,  and  Hg^CdJe 
(where  0<x<0.15)],  the  bottom  of  the 
conduction  band  touches  the  top  of  the  va- 

•  lence  band;  that  is,  E  =  0.  However,  when 
a  magnetic  field  is  applied,  additional  va- 
lence and  conduction  subbands  are  formed, 
and  £  rises  above  zero  (see  Figure  1).  In 
effect,  the  semimetal  becomes  an  intrinsic 
semiconductor,  in  which  £  increases  with 
increasing  applied  magnetic  field. 

£  is  the  minimum  photon  energy  that 
can  oe  absorbed  by  the  material,  and  the 
corresponding  wavelength  Ac,  called  the 
cutoff  wavelength,  is  the  maximum  detect- 
able wavelength.  Thus,  in  principle,  small 
magnetic  fields  could  enable  detection  in 
the  far  infrared  or  even  at  submillimeter 
wavelengths.  For  example,  in  a  magnetic- 
flux  density  of  10  T,  the  Ac  of  HgTe  would  be 
about  80  imt\. 

Eg  and  Ac  can  also  be  adjusted  via  the 
composition  of  the  material.  For  example, 
in  Hg1  _xCdxTe.  £  increases  with  x;  in  an 
applied  magnetic  field  of  10  T,  an  alloy  of  x 
0.15  has  a  Ac  of  20 /im. 

The  magnetic-  and  compositional-tun- 
ing effects  can  be  combined  to  obtain  a 
two-absorber  detector  that  has  a  narrow 
passband.  By  variation  of  the  applied  mag- 
netic field,  the  passband  would  be  swept 
through  the  spectrum  of  interest. 

In  one  version  of  such  a  detector  (left 

Kide  of  Figure  2),  both  absorbers  would  be 

^madeof  Hg1_xCdxTe(withx  =  0.15),  but  a 

slightly-higher  magnetic  field  B  would  be 

applied  to  the  outer  absorber.  The  outer  ab- 
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Figure  1.  The  Extrema  of  the  Valence  and  Conduction  Bands  at  the  center  of  the  Brillouin 
zone  in  a  semimetal  of  the  gray-tin  type  touch  at  zero  magnetic  field.  When  a  magnetic  field 
is  applied,  the  extrema  move  apart,  creating  a  gap,  E  ,  of  energies  that  are  forbidden  to  elec- 
trons. 
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sorber  would  act  as  a  blocking  filter,  pre- 
venting most  photons  ot  wavelength  short- 
er than  its  Ac  from  reaching  the  inner  ab- 
sorber. On  the  other  hand,  the  inner  ab- 
sorber would  detect  only  those  photons  of 
wavelength  shorter  than  its  Ac,  which 
would  be  slightly  greater  than  the  other  A  . 
Thus,  the  tunable  passband  would  be  the 
wavelength  interval  between  the  Ac's  of  the 
two  absorbers.  In  the  second  version  (right 
side  of  Figure  2),  the  magnetic  field  would 
be  equally  intense  in  both  absorbers,  and 
the  Ac's  of  the  two  absorbers  would  be 
made  different  by  a  slight  difference  in  the 
composition. 

This  work  was  done  by  C.  Thomas 
Elliott  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

Inquiries  concerning  rights  for  the 
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Figure  2.  Hg1  _xCd  Te  Tunable  Infrared  Detectors  of  the  new  type  would  combine  composi- 
tional and  magnetic  tuning. 
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Ge/Si  Integrated  Circuit  for  Infrared  Imaging 

Photodetectors  would  be  deposited  on  signal-processing  circuitry  at  the  focal  plane. 


A  proposed  integrated  circuit  would  con- 
sist of  a  focal-plane  array  of  metal/germani- 
um Schottky-barrier  photodetectors  on  the 
same  chip  with  silicon-based  circuits  that 
would  process  the  signals  from  the  photo- 
detectors (see  figure).  Because  the  heights 
of  Schottky  barriers  on  germanium  are 
much  lower  than  on  silicon,  the  germani- 
um-based detectors  can  operate  at 
strategically  important  longer  wave- 
lengths —  typically  8  to  1 2  /jm  —  whereas 
silicon  detectors  are  limited  to  the  range  of 
3  to  5  /iim.  At  shorter  wavelengths,  the  ger- 
manium detectors  would  exhibit  higher 
quantum  efficiencies. 

First,  the  signal-processing  circuitry 
would  be  made  by  standard  silicon-fabrica- 
tion techniques.  Bare  areas  of  silicon 
would  be  left  where  the  photodetectors 
were  to  be  placed.  The  silicon  wafer  would 
be  cleaned,  then  placed  in  an  ultra-high- 
vacuum  chamber  for  the  molecular-beam 
epitaxial  deposition  of  germanium.  Growth 
at  low  temperature,  which  is  a  principal 
feature  of  molecular-beam  epitaxy,  is  nec- 
essary to  avoid  degradation  of  the  circuitry 
on  the  wafer. 

After  the  deposition  of  the  germanium,  a 
layer  of  metal  would  be  deposited  directly 
on  the  germanium  without  breaking  the 
vacuum.  (The  maintenance  of  the  vacuum 
helps  prevent  the  incorporation  of  impuri- 
ties at  the  metal/germanium  interface. 
Such  impurities  could  dominate  the  prop- 
erties of  the  Schottky  barrier.)  The  proper- 
ties of  the  Schottky  barrier  may  be  further 
improved  by  reacting  the  metal  into  the 
germanium  to  form  a  metal  germanide. 
The  wafer  would  then  be  removed  from  the 
chamber,  and  the  detector  pattern  and 
connections  to  the  silicon  circuitry  would 
be  formed  by  standard  low-temperature 
processing  techniques.  The  combination 
of  the  described  techniques  should  result 
in  high-resolution  infrared-imaging  circuits 
of  superior  performance. 
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Metal/Germanium  Schottky-Barrier  Photodetectors  like  this  one  would  be  made  compatible 
with  the  underlying  silicon-based  circuitry  by  growing  the  germanium  epitaxially  on  silicon 
circuit  wafers.  The  metal  could  be  deposited  in  an  ultrahigh  vacuum  immediately  after  the 
growth  of  the  germanium. 


This  work  was  done  by  Robert  W. 
Fathauer  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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An  Optimal  Design  for  Steerable  Dish  Antenna  With  BWG 

Advanced  features  and  modular  design  promise  high  performance. 


A  new  design  has  been  proposed  for  the 
highly-efficient  34-m-diameter  millimeter- 
wavelength  antennas  of  NASA's  Deep 
Space  Network.  The  design  incorporates 
an  axial  beam  waveguide,  BWG,  (see  fig- 
ure) and  an  improved  structure  to  maintain 
the  shape  and  alignment  of  the  reflecting 
surfaces.  The  engineering  concepts  in- 
volved in  this  design  can  be  adapted  to  the 
design  of  other  large,  steerable  antennas 
for  telecommunications,  radio  astronomy, 
and  military  uses. 

The  essence  of  the  design  problem  was 
the  derivation  of  an  optimum  configuration 
for  the  34-m  antenna  structure  for  which  a 
new  center-fed  beam  waveguide  system 
could  be  introduced.  Contributing  to  the  dif- 
ficulty in  design  was  the  necessity  to  adopt 
the  34-m  antenna  envelope  and  subsys- 
tem structural  components  for  economical 
reasons.  The  general  approach  to  the  con- 
ceptual construction  of  the  structure  was 
to  modularize  the  overall  system  so  that 
critical  constraint  conditions  pertaining  to 
microwave  optics  and  structural  perform- 
ance could  be  satisfied. 

The  paraboloidal  reflecting  dish  is  sup- 
ported by  an  octagonal  truss  structure, 
which  in  turn  is  supported  by  a  "cross-box" 
truss  substructure  where  the  elevation 
wheel  (the  large  gear  that  tilts  the  antenna) 
is  attached.  The  main  reflector,  cross-box, 
and  octagonal  truss  were  optimized  to  ac- 
commodate the  beam  waveguide  and  sat- 
isfy many  other  design  constraints,  includ- 
ing the  following: 

•Maximum  allowable  root-mean-square 
(rms)  distortion  of  the  reflecting  surface 
due  to  worst-case  gravitational  and  wind 
loads; 

•Maximum  allowable  aiming  error  under 
worst-case  wind  load; 

•  Maximum  allowable  weight  of  the  tipping 
structure; 

•  Elevation  range  sufficient  for  intended  op- 
erations; 

•  Upper  and  lower  bounds  on  sizes  of  struc- 
tural members; 

•  Maximum  allowable  stresses  in  structural 
members;  and 
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Structure 
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This  work  was  done  by  K.L  Chuang 
of  PRC's  Aerospace  Technologies  Divi- 
sion and  F.L.  Lansing  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

NP0-17429/TN. 


The  Beam  Waveguide  is  routed  through  the  alidade  and  reflector  structures 

•  Survivability  at  the  zenith  position  in  a  high 
wind. 

According  to  computer  simulations,  the 
loss  in  gain  at  X-band  due  to  gravitational 
loading  in  an  antenna  of  the  new  design 
should  be  only  half  that  of  the  existing  ver- 
sion. The  antenna  should  exhibit  adequate 
microwave  performance  at  frequencies  up 
to  90  GHz  and  be  able  to  operate  at  multi- 
ple frequencies.  The  new  design  can  be 
retrofitted  to  existing  NASA  Deep  Space 
Network  34-m  antennas,  or  it  can  be  used 
as  the  basis  to  build  large  ground-based 
steerable  antennas. 
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Tunable-Quantum-Well  Infrared  Detector 

The  wavelength  would  be  adjusted  by  changing  the  applied  voltage. 


A  proposed  detector  of  infrared  photons 
would  be  based  on  photon-assisted,  reso- 
nant quantum-mechanical  tunneling  be- 
tween adjacent  energy  wells  in  its  semi- 
conductor structure.  The  wavelength  of 
maximum  sensitivity  (that  is,  of  the  reso- 
nance) would  depend  on  the  electric  field 
in  the  device,  which  would  be  controlled 
via  the  applied  voltage. 

The  device  would  contain  alternating 
layers  of  different  semiconductors  that 
would  form  a  double-quantum-well  elec- 
tron-energy structure.  For  example,  (In, 
Ga)As  could  be  alternated  with  GaAs,  (A, 
Ga)As  with  GaAs,  (ln,Ga)As  with  (ln,A)As, 
(ln,Ga)As  with  (Ga,A)As,  or  InAs  with  ASb. 
These  layers  would  be  deposited  by  molec- 
ular-beam epitaxy  on  a  layer  of  undoped 
GaAs  on  an  n+  GaAs  substrate.  A  final 
layer  of  n+  GaAs  would  be  applied.  The 
wafer  thus  formed  could  be  cleaved  into 
several  units,  and  each  unit  could  be  divid- 
ed along  its  length  to  form  the  picture  ele- 
ments of  a  line  detector  (see  Figure  1).  A 
metal  contact  would  be  added  to  the  n+ 
substrate  and  to  the  n+  layer  on  the  other 
side  of  each  element,  and  an  antireflection 
coat  could  be  applied  to  the  cleaved  edge. 

The  differences  among  the  indices  of  re- 
fraction of  the  quantum-well  and  surround- 
ing layers  are  such  that  the  quantum-well 
structure  and  the  n+  GaAs  layer  to  the  sur- 
face could  act  as  an  optical  waveguide. 
More  optimum  waveguide  structures  could 
be  devised  by  using  thicker  layers  of  low  in- 
dex for  optical  confinement.  Therefore,  in 
operation,  the  infrared  light  incident  upon 
the  cleaved  edge  would  be  channeled  along 
the  quantum-well  structure.  The  portion  of 
this  light  polarized  with  its  electric  field 
perpendicular  to  the  quantum-well  sur- 
faces would  interact  with  the  charge  carri- 
ers in  the  device. 

A  quantum-well  structure  that  favors 
photon-assisted,  resonant  tunneling  is  illus- 
trated schematically  in  Figure  2.  The  thick- 
ness, a,  of  the  quantum  wells  would  be 
chosen  so  that  each  well  would  contain  only 
the  energy  levels  E1  and  E2.  The  structure 
would  also  be  designed  to  put  E2  near  the 
top  of  the  well  so  that  most  photoexcited 
electrons  could  escape  from  the  well  in- 
stead of  relaxing  to  £., ,  in  which  level  they 
would  be  temporarily  trapped.  The  condi- 


tion for  resonance  is  approximately 


hv  =  E2-E: 


■eFb 


where  h  is  Planck's  constant,  v  is  the  fre- 
quency of  the  photon,  e  is  the  electron 
charge,  b  is  the  thickness  of  the  first  two 
energy  barriers,  and  F  is  the  applied  elec- 


tric field  in  the  quantum-well  region.  Thus, 
the  device  can  be  tuned  merely  by  chang- 
ing the  applied  voltage. 

The  thickness  of  the  barriers  deter- 
mines the  probability  of  tunneling,  which 
can  be  increased  or  decreased  to  increase 
or  decrease  the  probability  of  absorption  of 
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Figure  1.  Tunable-Quantum-Well  Detectors  made  on  a  single  chip  would  constitute  a  line  im- 
ager. Many  such  devices  could  be  stacked  to  form  a  two-dimensional  imaging  device.  Signal- 
processing  circuitry  could  be  integrated  into  the  chip  at  its  lower  end. 
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a  photon  and,  consequently,  the  absorption 
distance  along  the  optical  waveguide.  For 
example,  if  the  probability  of  tunneling 
were  set  at  10-3,  the  absorption  distance 
would  be  of  the  order  of  millimeters.  The 
third  barrier  would  be  made  somewhat 
thicker  to  block  dark  tunneling  from  the 
ground  state  (corresponding  to  £.,)  of  the 
normally-empty  second  well  into  the  con- 
tinuum of  energy  states  beyond  this  barrier. 

This  work  was  done  by  Joseph  Maser- 
jian  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17361/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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Figure  2.  The  Potential  Barriers  and  Wells  (with  respect  to  electron  energies)  are  produced 
by  alternating  layers  of  different  semiconductor  materials.  The  steepness  of  the  slope  is  pro- 
portional to  the  applied  electric  field.  The  electric  field  and  the  thicknesses  and  heights  of 
the  barriers  are  selected  to  favor  photon-assisted,  resonant  quantum-mechanical  tunneling 
at  the  chosen  photon  frequency. 
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32-GHz  Wideband  Maser  Amplifier 

Features  include  low  input  equivalent  noise  temperature  and  400-MHz  bandwidth. 


A  high-gain,  wideband,  microwave  ampli- 
fier is  based  on  ruby  cooled  by  liquid  helium. 
The  amplifier  is  particularly  useful  for  the  de- 
tection of  weak  microwave  signals  in  radio 
astronomy  and  communications. 

The  amplifier  includes  eight  ruby  stages 
and  is  of  the  reflected-wave  design  (see 
Figure  1),  which  was  chosen  to  achieve  low 
noise  and  wide  bandwidth  about  a  center 


frequency  of  about  32  GHz.  Low  noise  is 
made  possible  by  the  absence  of  a  comb- 
type  slow-wave  structure.  The  bandwidth 
requirement  is  satisfied  by  using  a  large  vol- 
ume of  ruby  (about  60  cm  in  total  length)  and 
subjecting  it  to  a  magnetic  field  with  a  large 
gradient.  The  number  of  stages  is  dictated 
by  the  requirements  for  nearly  constant  gain 
across  the  operating-frequency  band,  ease 


of  fabrication  of  the  ruby  bars,  and  good 
noise  performance  across  the  band. 

The  tuning  range,  limited  by  the  frequen- 
cy response  of  the  Y-junction  circulators 
that  connect  the  ruby  stages,  is  29  to  34 
GHz.  However,  at  present,  pump-power  re- 
quirements dictate  the  use  of  fixed-tuned  im- 
pact-avalanche-and-transit-time  (IMPATT) 
diode  oscillators,  effectively  making  the 
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Figure  1.  The  Maser  Amplifier  includes  eight  stages  connected  in  a  reflected-wave  configuration. 
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amplifier  a  fixed-frequency  device. 

The  design  is  basically  an  extension  of 
previous  reflected-wave  masers  built  for 
the  frequency  range  of  18  to  26  GHz.  The 
ruby  bars  are  housed  in  copper  waveguide 
structures  equipped  with  channels  for  the 
liquid  helium.  A  single-coil  "racetrack"  su- 
perconducting magnet  provides  the  ~12- 
kG  magnetic  field  required  to  bias  the  ruby. 
The  ferrites  in  the  circulators  are  biased 
simultaneously  by  a  separate  supercon- 
ducting magnet. 

Four  IMPATT  oscillators  with  a  total  out- 


Figure  2.  The  Gain  vs.  Frequency  of  the 

maser  amplifier  is  fairly  flat  at  about  21  dB 
across  a  frequency  band  ~400  MHz  wide, 
centered  on  31.8  GHz. 


put  power  of  400  mW  are  required.  Be- 
cause the  IMPATT  output  powers  can  differ 
considerably  from  unit  to  unit,  the  outputs 
are  combined  and  redivided  in  sidewall  hy- 
brid couplers,  then  split  again  with  electric- 
field-plane  power  splitters. 

Figure  2  shows  the  performance  of  the 
amplifier  at  a  liquid-helium  temperature  of 
4.6  K.  The  net  gain  within  the  frequency 
band  of  31.8  ±  0.2  GHz  is  about  21  dB  and 
varies  no  more  than  ~1  dB  with  frequency, 
the  exact  variation  depending  on  the  mid- 
dle frequency. 

This  work  was  done  by  J.S.  Shell  and 
D.E.   Neff  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory 
NPO-17558/TN 
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NIST  Technology  Update     Software 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Antenna  Data  Analysis  and  Research  Using  PCs 


NIST  researchers  have  developed  a  new  software  package  that  allows  scientists,  engineers,  and  programmers  to 
make  complex  antenna  compulations  on  personal  computers.  The  package,  termed  Planar  Near  Field  Codes,  has 
a  highly  modular  structure  and  can  be  used  to  address  diverse  research  problems.  A  recent  publication  describes 
some  of  the  inner  workings  of  the  FORTRAN  codes,  the  data  management  schemes,  and  the  structure  of  the 
input/output  sections.  The  structure  of  the  codes  is  open  so  that  a  user  can  incorporate  a  new  application  into 
the  package  relatively  easily.  The  publication  includes  some  basic  research  problems  to  illustrate  the  use  and 
effectiveness  of  the  codes.  Planar  Near-Field  Codes  for  Personal  Computers  (NISTIR  89-3929)  is  available 
from  NTIS,  order  number  PB90-155839NAC,  A04.  To  order  the  software  package,  available  for  $1500,  contact 
Lorant  A.  Muth,  Div.  723.05,  NIST,  Boulder,  Colo.  80303;  (303)497-3603. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  PB90-155839NAC 

Price  code:  A04 
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0624  Alcohol  Production 

0625  Improved  Liquid-Electrode/Solid-Electrolyte  Cell — An  organic  liquid  in 
the  cathode  may  extend  the  working  life. 
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Alcohol  Production 

Both  ethanol  and  methanol  (types  of  alcohol  suitable  for 
fuel  use)  can  be  produced  from  wood.  Yet  only  about  4 
to  5  million  gallons  of  alcohol  are  produced  from  wood 
each  year  in  the  United  States,  compared  with  almost  1 
billion  gallons  of  fuel  alcohol  produced  from  grains. 

Current  commercial  biomass  alcohol  processes  derive 
ethanol  mainly  from  corn.  Much  of  it  is  also  produced 
synthetically  from  petroleum.  Methanol  is  produced 
principally  from  natural  gas,  with  a  small  contribution 
from  coal.  Wood-derived  alcohol  is  produced  from  the 
waste  liquor  of  a  pulping  operation. 

Technology  for  ethanol  production  from  wood  has  been 
developed  and  subjected  to  some  pilot  testing.  The  eco- 
nomic competitiveness  of  producing  ethanol  from  wood 
depends  on  feedstock  costs  and  other  variables.  Pro- 
duction and  marketing  of  byproducts  (high-fructose  corn 
syrup  and  distiller's  dry  grains  from  corn  and  molasses 
and  furfural  from  wood)  significantly  affect  this  economic 
balance.  Ethanol  production  from  wood  could  be  imple- 
mented fairly  rapidly,  should  another  global  petroleum 
emergency  create  the  need  for  alternative  fuels.  How- 
ever, some  additional  pilot  testing  of  the  technology  may 
be  needed. 

The  Forest  Products  Laboratory  and  the  Tennessee  Val- 
ley Authority's  National  Fertilizer  Development  Center 
have  developed  and  pilot  tested  a  process  for  produc- 
ing ethanol  from  low-grade  hardwoods.  Called  the  two- 
stage,  dilute  sulfuric  acid  hydrolysis  process,  it  converts 
wood  to  carbohydrates  that  can  be  fermented  into  alco- 
hol. The  second  stage  of  two-stage  hydrolysis  produces 
about  20   kg  of  carbohydrates   suitable   for  processing 


to  ethanol  from  every  100  kg  of  ovendry  wood  feedstock. 
The  first  stage  produces  an  additional  24.9  kg  of  carbo- 
hydrates, but  many  of  these  first-stage  carbohydrates  are 
not  necessarily  fermentable  to  ethanol. 

If  xylose  could  be  fermented  to  ethanol  economically,  fer- 
mentation of  the  first-stage  products,  xylose  and  glucose, 
could  nearly  double  ethanol  production,  compared  with 
only  fermenting  the  glucose  from  the  second  stage.  Other 
possible  products  from  the  first-stage  carbohydrates  are 
single-cell  protein,  furfural,  and  feed  molasses. 

The  technology  for  producing  methanol  from  wood  is  less 
fully  developed  than  that  for  producing  ethanol.  Al- 
though methanol  was  once  produced  from  wood  as  a 
byproduct  of  charcoal  manufacture,  overall  yields  were 
low.  To  produce  methanol  from  wood  with  a  significantly 
higher  yield  would  require  production  of  synthesis  gas  in 
a  process  similar  to  that  used  for  production  of  methanol 
from  coal. 

For  additional  information,  contact: 
John  Zerbe,  Forest  Products  Technologist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9353 

Reference 

Harris,  John  F.,  et  al.   1985.  Two-stage,  dilute 
sulfuric  acid  hydrolysis  of  wood:  an  investigation  of 
fundamentals.  Gen.  Tech.  Rep.  FPL-45.  Madison,  WI: 
U.S.  Department  of  Agriculture,  Forest  Service,  Forest 
Products  Laboratory.  73  p. 
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Improved  Liquid-Electrode/Solid-Electrolyte  Cell 

An  organic  liquid  in  the  cathode  may  extend  the  working  life. 


A  rechargeable  solid-electrolyte  electro- 
chemical cell  includes  a  novel  mixture  of 
organic  and  inorganic  materials  in  a  liquid 
cathode.  As  a  consequence,  the  liquid  cath- 
ode is  more  compatible  with  the  /T-alumina 
solid  electrolyte  than  are  materials  in  such 
other  types  of  liquid-electrode  cells  as  sodi- 
um/sulfur. Moreover,  the  new  cell  operates 
at  a  temperature  about  120  to  170  °C  lower 
than  that  of  sodium/sulfur  cells.  The  new 
cell  offers  an  energy  density  comparable  to 
that  of  sodium/sulfur  cells —  about  150 
Wh/kg  —  and  thus  is  well  suited  to  such 
applications  as  military  systems  and  elec- 
tric vehicles. 

The  liquid  anode  is  molten  sodium.  The 
liquid  cathode,  tetracyanoethylene  (TCNE), 
is  mixed  with  sodium  aluminum  tetrachlo- 
ride (NaAICI^.  A  tube  of  ft"  alumina  sepa- 
rates the  liquid  cathode  from  the  liquid-sodi- 
um anode  (see  figure).  The  TCNE/NaA)CI4 
mixture  attacks  the  alumina  far  less  ag- 
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gressively  than  does  the  molten  sulfur 
used  as  the  cathode  material  in  previous 
cells  of  this  general  type.  The  lower  oper- 
ating temperature  (230  °C  vs.  350  to  400  °C 
in  the  Na/S  version)  reduces  the  deteriora- 
tion of  the  alumina  even  further. 

In  tests  of  the  new  cell,  the  alumina  sep- 
arator appeared  uncorroded  and  undam- 
aged after  six  charge/discharge  cycles. 
The  open-circuit  voltage  proved  to  be  a 
good  indicator  of  the  charge  remaining  in 
the  battery.  It  decreased  approximately 
linearly  from  about  3.5  V  to  about  1.9  V 
when  the  45-mAh  test  cell  was  discharged 
by  30  mAh. 

This  work  was  done  by  Ratnakumar  V. 
Bugga,  Salvador  DiStefano,  Roger  M. 
Williams,  and  Clyde  P.  Bankston  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17604/TN 


The  Tube  of  Solid  Electrolyte  contains  a 
novel  liquid  electrolyte  mixture  and  a 
platinum  wire  grid  current  collector.  A  con- 
centric outer  tube  holds  the  liquid-sodium 
anode. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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0626  Paint  Removal  by  Plastic  Particle  Blasting 

0627  Sprinklers  in  Chem  Labs  Can  Protect  Lives,  Property 

0628  Dual-Constraint  Transport  Systems 

0629  Ethanol  Production  from  Xylose 

0630  Adaptive-Control  Experiments  on  a  Large  Flexible  Structure — Transient  and 
initial  deflections  are  regulated  via  sensors,  actuators,  and  a  digital  control 
system. 

0631  Detecting  Boundary-Layer  Transition  in  Cold  Environments — Definitive  transition 
Reynolds  numbers  are  obtained  for  the  first  time  in  a  cryogenic  wind  tunnel. 

0632  Epoxies  Bond  Waveguides  to  Flanges — Each  waveguide/flange  joint  is  made 
with  a  conductive  adhesive  and  a  structural  adhesive.  (Licensing  Opportunity) 

0633  Fourier  Analysis  of  Vibrations  of  Round  Structures — Complicated  vibrations  of 
complicated  structures  are  represented  efficiently. 

0634  Insulation  for  Cryogenic-Liquid  Tanks — Rigid  foam  and  radiation  shields  prevent 
excessive  heating  in  a  variety  of  environments. 

0635  Liquid-Flow  Controller  With  Preset  Break  Pressure — Flow  starts  only  after  a 
minimum  pressure  is  exceeded.  (Licensing  Opportunity) 

0636  Liquid-Flow  Controller  With  Trickle  Preflow — Pressure  increases  steeply  with 
flow  up  to  a  point,  beyond  which  pressure  increases  gradually. 

0637  Static  Pressure-Assisted  Seal  for  Helium — A  metal  seal  replaces  a  leaky 
elastomeric  seal. 

0638  Vibrational  Responses  of  Structures  to  Impulses — The  analysis  of  transients 
supplements  the  usual  modal  analysis  for  greater  accuracy. 

Software 

0639  Predicting  Noise  From  Wind  Turbines — Effects  of  turbulence,  trailing-edge 
wakes,  and  bluntness  are  taken  into  account. 

Jesting  &  Instrumentation 

0640  Doppler-Shifted  Raman  Spectroscopy  Measures  Flows — Nonintrusive,  accurate 
wind-tunnel  measurements  are  obtained  without  seeding  the  flows. 

0641  Electrolysis  Bubbles  Make  Waterflow  Visible — Traces  in  photographs  are 
measured  to  obtain  velocities. 

0642  Jig  for  Stereoscopic  Photography — Separations  between  views  can  be  adjusted 
precisely  for  best  effects. 

Other  Items  of  Interest 

0624      Alcohol  Production 

0647      Double-X  Bandmill 
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Paint  Removal  by  Plastic  Particle  Blasting 


The  design  of  plastic   media  blasting   (PMB)  equipment  cur-  effectively   removes  coatings  from  aluminum,  fiberglass,  and  com- 

rently  used  in  the  military  and  private  industry  to  remove  paint  posite  substrates  in  a  manner  that  is  more  cost  effective  and  en- 

from  aircraft  surfaces  has  been  evaluated  by  Engineering  Manage-  vironmentally    acceptable     than    the    current    chemical    stripping 

ment  Concepts  in  research  conducted  for  the  Naval  Civil  Engineer-  methods, 
ing  Laboratory,  Port  Hueneme,  California.         The  PMB  process  is 
similar  to  conventional  grit   blasting,   but  uses  small  plastic   frag- 
ments that   are  less  aggressive  and  cause  less  damage  to  delicate 

parts.    Five  phases  of  the  PMB  process  are  discussed  and  evaluated:  FOR  ADDITIONAL  INFORMATION:     A  copy  of  the 
blasting,    floor   recovery,    media   recycling,  ventilation,   and   dense  n  js  availablc  from  NTIS>  Springfield,  VA  22161; 

particle  removal  (such  as  metal)  from  the  recycled  plastic  media.  nni\AQi  A£f\r\ 

Also  evaluated  is  plastic  media  blasting  in  a  glove  box  as  opposed  ^        '  " 

to  operations  in  a  full  scale  blast  bath.    The  authors  conclude  that.  NTIS  Order  number:    AD-A208594NAC 

under    the    proper    operating    conditions,    plastic    media    blasting  Price  Code:    A03 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Sprinklers  in  Chem  Labs  Can  Protect  Lives,  Property 


During  a  fire  in  a  chemical  laboratory,  lives  and  property  as  well  as  critical  scientific  experiments  arc  at  risk 
within  seconds.  Researchers  at  the  NIST  Center  for  Fire  Research  recently  conducted  a  series  of  full-scale 
fire  tests  in  chemical  labs  to  examine  the  potential  of  quick  response  sprinklers  to  improve  life  safety  and 
protect  property.  The  tests  were  part  of  a  project  to  help  the  National  Institutes  of  Health  develop  sprinkler 
design  criteria  for  its  chemical  labs.  In  a  test  in  an  unsprinklered  laboratory,  the  NIST  researchers  found  that 
within  38  seconds  all  combustible  material  in  the  lab  was  burning,  creating  lethal  conditions  and  extensively 
damaging  the  laboratory.  In  contrast,  both  the  standard  and  quick  response  sprinklers  effectively  controlled 
the  fires  and  reduced  temperatures  as  well  as  carbon  monoxide  and  carbon  dioxide  levels. 

FOR  ADDITIONAL  INFORMATION:  A  report,  Quick  Response  Sprinklers  in  Chemical  Laboratories:  Fire 
Test  Results  (NISTIR  89-4200),  is  available  from  the  National  Technical  Information  Service,  Springfield, 
Va.  22161;  (703)487-4600  for  $17  (A04)  prepaid.  Order  by  PB90-151721/NAC. 

NTIS  order  number:  PB90-151721/NAC 

Price  code:  A04 
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Dual-Constraint 
Transport  Systems 

All  transport  systems  are  constrained  by  the  maximum 
weight  or  volume  that  can  be  hauled.  Some  transport 
systems  are  also  constrained  by  the  maximum  number 
of  pieces  that  can  be  hauled.  The  latter  are  called  dual- 
constraint  transport  systems. 

The  performance  of  dual-constraint  transport  systems  is 
very  sensitive  to  the  effect  of  piece  size.  While  they  are 
able  to  haul  multiple  pieces,  they  are  not  able  to  do  so 
efficiently  and  are  consistently  underloaded.  The  smaller 
the  piece  size,  the  more  pronounced  the  underloaded  con- 
dition. Examples  of  dual-constraint  transport  systems  in 
the  logging  industry  are  rubber-tired  cable  skidders,  ca- 
ble yarders,  multipiece  loading  machines,  accumulating 
feller-bunchers,  and  crawler  tractor  skidders.  Examples 
of  transport  systems  that  are  not  dual-constraint  trans- 
port systems  are  log  trucks  and  forwarders. 

The  load  curve  intercept  method  is  a  new  methodology 
to  predict  performance  of  dual-constraint  transport  sys- 
tems. With  this  method,  the  user  observes  the  operation 
of  the  system  and  records  the  maximum  volume  per  turn, 
the  average  volume  per  piece,  and  the  average  volume 
per  turn.  This  data  permits  calculation  of  the  load  curve 
intercept  using  procedures  documented  in  the  reference 
listed  below. 

The  average  volume  per  turn  in  a  new  harvest  unit  can 
now  be  predicted  from  the  maximum  volume  per  turn 
(from  the  old  unit),  the  average  volume  per  piece  (for 
the  new  unit),  and  the  load  curve  intercept.  Combining 
the  average  volume  per  turn  with  cycle  time  gives  the 
expected  production. 


This  methodology  can  predict  and  explain  logging  per- 
formance in  a  variety  of  situations.  For  example,  a  cable 
yarder  moved  from  the  West  Coast  to  the  East  Coast 
produces  much  less  in  its  new  location.  The  load  curve 
intercept  method  could  explain  why.  Or,  a  logger,  used 
to  working  in  sawtimber  stands,  is  moving  into  a  po- 
letimber  stand  and  wants  to  estimate  production.  The 
load  curve  intercept  method  could  do  it.  In  another  in- 
stance, a  researcher  comparing  the  performance  of  two 
machines  in  similar  stands  suspects  that  the  operator  of 
one  of  the  machines  was  loading  it  more  efficiently,  bi- 
asing the  comparison.  The  load  curve  intercept  method 
could  verify  it. 

The  load  curve  intercept  method  has  been  applied  to 
rubber-tired  cable  skidders  and  cable  yarders.  Use  of 
this  method  and  application  to  more  systems  would  give 
managers  a  better  understanding  of  logging  performance 
and  suggest  logging  method  improvements  that  require 
very  little  cost. 

For  additional  information,  contact: 

Penn  Peters 

USDA  Forest  Service 

Northeastern  Forest  Experiment  Station 

P.O.  Box  4360 

Morgantown,  WV  26505 

(304)  291-4483 

Reference 

Peters,  P.A.  1988.  The  load  curve  intercept  method: 
Estimating  the  effect  of  average  piece  size  on  skidding 
costs.  ASAE  Paper  No.  88-7546.  St.  Joseph,  MI:  ASAE. 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Northeastern  Forest 
Experiment  Station 
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Ethanol  Production  from  Xylose 

Using  the  xylose  produced  when  wood  is  hydrolyzed  has 
long  been  a  technical  barrier  to  fermenting  other  sugars 
produced  in  the  same  process.  Xylose  is  an  abundant 
sugar  in  hardwood  hemicellulose,  and  it  is  readily  recov- 
ered through  acid  or  enzymatic  treatment.  The  yield  of 
xylose  from  the  hemicellulose  of  red  oak  is  almost  equal 
to  the  yield  of  glucose.  Unlike  glucose,  however,  xylose  is 
not  fermented  by  Saccharomyces  cervisiae  or  other  com- 
mon yeasts. 

Researchers  at  the  Forest  Products  Laboratory  have 
found  that  a  few  yeasts,  most  notably  Pachysolen 
tannophilus,  Candida  shehatae,  and  Pichia  stipitis,  can 
ferment  xylose  to  ethanol  at  yields  of  up  to  0.44  g 
ethanol/g  xylose  and  at  concentrations  of  as  much  as 
56  g/liter. 
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Ethanol 


Candida  shehatae  will  convert  xylose  to  ethanol  at 
recoverable  concentrations  in  a  fed-batch  fermentation. 

The  addition  of  glucose  to  xylose  fermentations  can 
increase  ethanol  yields  and  concentrations.  Maximal 
ethanol  fermentation  rates  and  yields  are  obtained  in  fed- 
batch  fermentations. 

Both  ethanol  and  xylitol  are  produced.  Ethanol  is  used  in 
pharmaceuticals  and  as  an  octane-enhancer  in  unleaded 
fuel.   Xylitol   is   a   non-sugar  sweetener    that   does   not 


promote  tooth  decay  and  has  excellent  confectionary 
properties. 

Toxic  lignin  degradation  products  can  create  special 
problems  when  fermenting  some  acid  hydrolysates.  How- 
ever, dilute  acid  hydrolysates  from  sulfite  pulps  can  be 
treated  to  render  them  fermentable. 

FPL  researchers  have  produced  improved  strains  of  P. 
tannophilus  and  P.  stipitis  through  mutagenesis  and 
strain  selection.  Biochemical  and  physiological  studies 
indicate  that  the  induction  of  alcohol  dehydrogenase  is 
critical  to  a  successful  fermentation. 

For  additional  information  contact: 
Thomas  W.  Jeffries 
Supervisory  Microbiologist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)  231-9453 

References 

Harris,  J.F.;  Baker,  A. J.;  Connor,  A.H.;  Jeffries,  T.W., 
et  al.  1985.  Two-stage,  dilute  sulfuric  acid  hydrolysis 
of  wood.  Gen.  Tech.  Rep.  GTR-FPL-45.  Madison,  WI: 
U.S.  Department  of  Agriculture,  Forest  Service,  Forest 
Products  Laboratory. 

Jeffries,  T.W.  1987.  Process  for  enhanced  fermentation 
of  xylose  to  ethanol.  United  States  Patent  4,663,284. 

Jeffries,  T.W.;  Alexander,  M.A.  1990.  Production 
of  ethanol  from  xylose  by  Candida  shehatae  grown 
under  continuous  fed-batch  conditions.  In:  Kirk,  T.K.; 
Chang,  H.-M.,  eds.  Applications  of  biotechnology  in 
pulp  and  paper  manufacture.   Butterworths  (in  press). 

Jeffries,  T.W.;  Sreenath,  U.K.  1988.  Fermentation  of 
hemicellulosic  sugars  and  sugar  mixutres  by  Candida 
shehatae.   Biotechnol.  Bioengineer.  31:502-506. 
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Adaptive-Control  Experiments  on  a  Large  Flexible  Structure 

Transient  and  initial  deflections  are  regulated  via  sensors, 
actuators,  and  a  digital  control  system. 


An  antennalike  flexible  structure  (see 
Figure  1)  has  been  built  for  research  in  ad- 
vanced technology  including  the  suppres- 
sion of  vibrations  and  the  control  of  initial 
deflections.  The  structure  is  instrumented 
with  sensors  and  actuators  connected  to  a 
digital  electronic  control  system,  which  is 
programmed  with  the  control  algorithms  to 
be  tested.  Particular  attention  in  this  re- 
search is  focused  on  the  direct  model-ref- 
erence adaptive-control  algorithm  based 
on  the  command  generator  tracker  theory. 

The  structure  was  built  to  exhibit  multi- 
ple vibrational  modes,  low  modal  frequen- 
cies, and  low  structural  damping.  The  struc- 
ture was  made  three-dimensional  so  that 
complicated  interactions  among  the  com- 
ponents of  the  structure  and  the  control 
system  could  be  investigated.  The  objec- 
tive of  the  research  is  to  test  the  perform- 
ance of  the  algorithm  and  the  closed-loop 
control  system  under  gross  uncertainties 
in  the  mathematical  model  of  the  dynamics 
of  the  structure  and  the  environment,  in- 
cluding effects  that  change  with  time,  de- 
lays, nonlinearities,  and  reconfigurations  of 
the  system. 

The  main  component  of  the  apparatus 
consists  of  12  ribs  attached  to  a  central 
hub,  forming  a  weblike  object  18.5  ft  (5.6  m) 
in  diameter.  Two  rings  of  pretensioned 
wires  provide  coupling  of  motion  in  the  cir- 
cumferential direction.  Each  rib,  being 
quite  flexible  and  unable  to  support  its  own 
weight  without  excessive  droop,  is  support- 
ed at  two  locations  along  its  free  length  by 
levitators  based  on  pulleys  and  counter- 
weights. The  hub  is  mounted  on  a  gimbal 
platform,  so  that  it  is  free  to  rotate  about 
two  perpendicular  axes  in  the  horizontal 
plane.  A  flexible  boom  is  attached  to  the 
hub  and  hangs  below  it,  and  a  feed  mass, 
simulating  the  feed  of  an  antenna,  is  at- 
tached at  the  free  end  of  the  boom. 

Each  rib  can  be  individually  excited  or 
controlled  by  a  rib-root  actuator  (see  Fig- 
ure 2).  Two  hub  actuators  torque  the  hub 
about  its  two  gimbal  axes.  The  hub  torquers 
do  not  provide  torque  directly  but  rather  are 
linear  force  actuators  that  provide  torque 
to  the  hub  by  pushing  at  its  outer  circum- 
ference. The  placement  of  these  actuators 
guarantees  good  controllability  of  all  the 
flexible  modes  of  motion. 


Legend: 
•  Sensor 
O  Actuator 


Figure  1.  A  Complicated  Flexible,  Antennalike  Structure  exhibits  complicated  interactions 
that  test  the  ability  of  a  control  system  to  suppress  or  regulate  deflections. 


The  locations  of  the  sensors  are  also 
shown  in  Figure  2.  Each  of  the  24  levitators 
is  equipped  with  an  incremental  optical  en- 
coder that  provides  an  indirect  measure- 
ment of  the  vertical  motion  of  the  corre- 
sponding rib  at  the  point  of  attachment  of 
that  levitator.  Four  evenly-spaced  linear 
variable-differential-transformer  rib-root 
sensors  are  colocated  with  four  rib-root  ac- 
tuators. The  orientation  of  the  hub  is  meas- 
ured by  two  rotary  variable-differential 
transformers  mounted  directly  at  the  gim- 
bal bearings. 

A  computer  samples  the  outputs  of  the 
sensors,  uses  these  data  to  update  adapt- 
ive-control gains  and  compute  appropriate 


actuation  commands,  and  then  sends  the 
signals  to  the  actuators.  This  cycle  is  re- 
peated as  long  as  the  controller  is  in  opera- 
tion. The  basic  idea  behind  the  general 
model-reference  adaptive-control  tech- 
nique is  first  to  design  a  reference  model, 
the  output  of  which  reflects  the  desired 
performance  of  the  system,  and  then  to 
drive  the  output  of  the  plant  to  track  asymp- 
totically the  output  of  the  model  via  the 
adaptive-control  law.  The  virtue  of  the  spe- 
cific technique  employed  in  this  research 
is  that  it  allows  the  reference  model  to  be  of 
low  order  even  though  the  order  of  the  ac- 
tual system  is  infinite  or  high,  and  accurate 
knowledge  of  the  system  is  not  required  in 
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the  design  of  the  controller. 

In  initial  proof-of-concept  experiments, 
the  adaptive  controller  has  achieved  stable 
regulation  of  transients  with  significant  im- 
provement over  the  open-loop  perform- 
ance. The  settling  time  has  been  reduced 
by  a  factor  of  3  or  more  in  some  cases.  In 
an  experiment  involving  regulation  with  ini- 
tial deflection,  the  outputs  of  the  system 
followed  the  highly  damped  outputs  of  the 
reference  mode!  closely  and  converged 
rapidly. 

This  work  was  done  by  Che-Hang  C.  Ih, 
DavidS.  Bayard,  ShyhJ.  Wang,  and  Daniel 
B.  Eldred  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 


Figure  2.  Sensors  and  Actuators  are  placed  at  various  points  on  the  structure  to  measure 
and  control  the  deflections,  as  parts  of  the  closed-loop  control  system. 
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Detecting  Boundary-Layer  Transition  in  Cold  Environments 

Definitive  transition  Reynolds  numbers  are  obtained  for  the  first  time  in  a  cryogenic  wind  tunnel. 


The  determination  of  the  location  of 
boundary-layer  transition  has  been  a  highly 
desirable  adjunct  to  aerodynamic  testing 
in  conventional,  ambient-temperature  sub- 
sonic and  transonic  wind  tunnels.  Hot  films 
are  reliable  and  efficient  devices  for  the  de- 
termination of  both  the  beginning  and  end 
of  boundary-layer  transition  in  test  pro- 
grams. A  transition-detection  study  was 
conducted  in  the  Langley  0.3-Meter  Tran- 
sonic Cryogenic  Tunnel,  using  a  special- 
ized hot-film  system  designed  specifically 
for  use  in  cryogenic  wind  tunnels.  The 
quantitative  transition-location  data  ob- 
tained at  nearly  cryogenic  conditions, 
360  °R  (200  K)  represents  the  first  definitive 
transition  Reynolds  numbers  obtained  in  a 
cryogenic  wind  tunnel.  The  model  was 
tested  at  both  adiabatic  and  nonadiabatic 
wall  conditions  with  a  wall-to-wall  tempera- 
ture ratio  as  low  as  0.47. 

The  vapor-deposited  surface  hot  films 
and  leads  and  the  dielectric  substrate  were 
installed  on  a  12-percent-thick,  advanced- 


technology  supercritical  airfoil  model 
made  of  beryllium/copper  Before  the  hot 
films  and  gold  connectors  could  be  applied 
to  the  surface  of  the  model,  a  method  for 
carrying  the  electrical  signal  from  the  hot 
film  via  the  surface  gold  leads,  through  the 
model,  and  out  to  the  anemometer  cables 
in  the  plenum  of  the  test  section  had  to  be 
devised.  For  this  purpose,  slots  were  cut  in 
the  upper  and  lower  surfaces  of  the  airfoil, 
and  the  connecting  wires  were  bonded  to 
the  airfoil. 

The  figure  is  a  block  diagram  of  the  mul- 
tichannel hot-film  data-acquisition  system. 
The  basic  components  of  the  system  are 
the  constant-temperature  anemometers 
(CTA's)  which  provide  current  to  heat  the 
films,  a  computer,  a  switching  network,  a 
digital  multimeter  (DMM),  a  scanner,  ampli- 
fiers, oscilloscopes,  and  a  frequency-mod- 
ulation (FM)tape  recorder  A  desktop  com- 
puter controls  the  instrumentation  and 
acquires,  stores,  and  reduces  the  data. 
The  switching  network,  under  computer 


control,  switches  the  hot  films  sequentially 
into  the  DMM  for  resistance  measure- 
ments. The  switches,  when  disabled,  re- 
store the  hot  films  to  their  respective  CTA's. 
When  the  CTA's  are  made  operational,  the 
output  voltages  are  scanned  and  sampled 
with  the  scanner  and  DMM  for  on-line  re- 
duction of  data.  The  output  voltages  are 
also  viewed  on  oscilloscopes  and  record- 
ed on  FM  tape  for  further  processing  and 
analysis. 

Results  indicate  that  the  concept  for  the 
installation  of  the  specialized  hot  films  and 
hot-film  data-acquisition  system  will  enable 
on-line  determination  of  boundary-layer 
transition  in  such  cryogenic  wind  tunnels 
as  the  National  Transonic  Facility. 

This  work  was  done  by  C  B.  Johnson,  D. 
L.  Carraway,  and  P.  C  Stainback  of  Lang- 
ley Research  Center  and  M.  F.  Fancherof 
Douglas  Aircraft  Co.  For  further  informa- 
tion, Circle  35  on  the  TSP  Request  Card. 
LAR-13830 
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The  Multichannel  Data-Acquisition  System  processes  data  from  40  hot-film  sensors  by  use  of  a  desktop  computer. 
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Epoxies  Bond  Waveguides  to  Flanges 

Each  waveguide/flange  joint  is  made  with  a  conductive  adhesive  and  a  structural  adhesive. 


Strong,  electrically  conductive  joints  can 
be  made  between  waveguides  and  wave- 
guide-end flanges  by  slight  modifications  of 
the  conventional  flange  structures  and  the 
use  of  both  structural  and  conductive  ad- 
hesives.  The  new  two-adhesive  joints  over- 
come many  of  the  disadvantages  of  dip- 
brazed  joints,  including  damage  caused  by 
the  heat  of  the  brazing  process,  corrosion 
of  joints  by  brazing  salts  retained  in  them, 
cracks  in  joints,  weakening  of  the  wave- 
guide material,  and  limitation  to  the  use  of 
aluminum  alloys,  which  are  the  only  ones 
that  can  be  dip-brazed. 

The  inside  of  the  flange  is  machined 
wider  than  the  waveguide  to  provide  a  gap 
of  0.005  to  0.015  in.  (0.13  to  0.38  mm)  for 
the  structural  adhesive.  In  the  version 
shown  in  the  figure,  the  inner  edge  of  the 
flange  at  the  end  of  the  waveguide  is  bev- 
eled approximately  0.050  by  0.050  in.  (1.3 
by  1 .3  mm).  The  flange  is  placed  on  the  end 
of  the  waveguide,  and  the  gap,  but  not  the 
bevel,  is  filled  with  the  structural  adhe- 
sive —  typically  an  epoxy  with  a  consisten- 
cy like  that  of  putty.  If  necessary,  the  bevel 
can  be  filled  with  a  temporary  masking  ma- 
terial to  keep  the  structural  adhesive  out  of 
the  bevel.  In  some  cases,  it  may  be  prefer- 
able to  put  the  conductive  adhesive  in  the 
bevel  first. 

The  conductive  adhesive  is  typically  an 
epoxy  that  contains  at  least  50  weight  per- 
cent of  particles  of  silver.  The  main  re- 
quirements are  that  the  conductivity  of  the 
adhesive  be  suitable  for  the  transmission 
of  microwaves  and  that  the  bevel  be  large 
enough  so  that  the  heat  generated  by  the 
microwaves  does  not  damage  the  conduc- 
tive joint.  Of  course,  both  the  structural  and 
conductive  adhesives  must  be  suitable  for 
the  environment  in  which  the  waveguide  is 


to  be  used. 

This  work  was  done  by  Jay  D.  Bloom 
of  Harris  Corp.  for  NASA's  Jet  Propul- 
sion Laboratory. 

Title  to  this  invention  has  been  waived 
under  the  provisions  of  the  National 
Aeronautics  and  Space  Act  [42  U.S.C. 
2457(f)],  to  the  Harris  Corp.  Inquiries  con- 
cerning licenses  for  its  commercial 
development  should  be  addressed  to 

Harris  Corporation 

Government  Aerospace  Systems  Div. 

P.O.  Box  9400 

Melbourne,  FL  32902 
Refer  to  NP0-17497/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(81 8)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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The  Flange  Is  Machined  Slightly  Oversize  and  Beveled  to  accommodate  structural  and  con- 
ductive adhesives. 
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Fourier  Analysis  of  Vibrations  of  Round  Structures 

Complicated  vibrations  of  complicated  structures  are  represented  efficiently. 


A  Fourier-series  representation  has 
been  developed  for  the  analysis  of  vibra- 
tions in  complicated,  round  structures  like 
turbopump  impellers.  The  new  Fourier 
method  eliminates  the  guesswork  involved 
in  the  characterization  of  the  shapes  of 
vibrational  modes.  It  is  an  easy  way  to 
characterize  complicated  modes,  leading 
to  a  determination  of  the  responsiveness  of 
a  given  mode  to  various  forcing  functions. 

The  shapes  of  vibrational  modes  cannot 
be  characterized  by  viewing  geometrical 
plots  of  a  deformed  structure.  Previously,  it 
was  necessary  to  conduct  an  expensive 
and  time-consuming  response  analysis  to 
determine  whether  a  given  vibrational 
mode  could  be  excited  by  a  given  forcing 
function.  Furthermore,  there  was  a  tend- 
ency to  dismiss  higher-order  modes  as 
being  impossible  to  excite  and  not  to  ana- 
lyze modes  that  were  not  characterized  as 
classical  diametral  modes  like  those  of  a 
flat,  circular  plate.  However,  experience 
teaches  that  all  modes  should  be  regarded 
as  possible  (see  figure).  The  new  Fourier 
method  facilitates  a  thorough  evaluation  of 
all  the  modes  of  a  structure. 

The  new  Fourier-series  method  is  used 
in  conjunction  with  a  finite-element  numeri- 
cal simulation  of  the  vibrational  modes  of  a 
structure.  In  the  case  of  a  turbopump  im- 
peller, internal  passageways,  blades, 
vanes,  and  other  nonuniformities  make  it 
impossible  to  describe  a  typical  high-order 
or  otherwise  complicated  mode  as  a  class- 
ical diametral  mode.  Consequently,  such  a 
mode  is  represented  as  a  Fourier  sum  of 
classical  diametral  modes  and  determined 
to  have  some  of  the  properties  of  each  of 
these  component  modes.  The  essence  of 
the  method  is  first  to  calculate  the  Fourier 
coefficients  of  the  displacements  of  the  rim 
in  the  mode  in  question,  then  to  use  the 
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This  Turbopump  Impeller  is  shown  here  by  holographic  interferometry  to  be  vibrating  in  a 
flap  mode,  in  which  each  of  the  24  sections  of  the  shroud  between  the  blades  of  the  impeller 
vibrates  independently  of  the  other  sections.  Such  a  mode  cannot  be  represented  as  a  single 
classical  diametral  mode. 


relative  magnitudes  of  these  coefficients  to 
determine  the  shape  of  the  mode. 

Although  the  Fourier-series  method  is 
trivial  for  lower-order  modes,  it  becomes 
indispensable  for  the  examination  of  the 
higher-order  modes  of  structures  like  im- 
pellers. In  practice,  each  such  mode  has 
many  nonzero  Fourier  coefficients.  With 


knowledge  of  the  relative  magnitudes  of 
these  coefficients,  one  can  determine 
what  operating  speeds  are  likely  to  cause 
excessive  vibrations. 

This  work  was  done  by  Gary  A.  Davis 
of   Rockwell    International    Corp.    for 
Marshall  Space  Flight  Center. 
MFS-29334/TN 
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Insulation  for  Cryogenic- 
Liquid  Tanks 

Rigid  foam  and  radiation 
shields  prevent  excessive 
heating  in  a  variety 
of  environments. 

A  report  describes  the  design,  develop- 
ment, and  test  of  the  thermal-protection 
system  for  the  liquid-oxygen  and  liquid- 
hydrogen  tanks  of  the  now  discontinued 
Shuttle/Centaur  G'  project.  The  Centaur  G' 
spacecraft,  with  its  insulated  tanks,  would 
have  been  launched  into  orbit  around  the 
Earth  from  the  Space  Shuttle.  The  system 
would  have  protected  the  tanks  from  ex- 
cessive heat  before  and  during  launches, 
while  in  orbit  around  the  Earth,  and  during 
premature  landings  from  aborted  launch- 
es. 

The  system  was  designed  to  withstand 
the  stresses  of  launch  and  emergency 
landing,  acoustical  loads,  rapid  changes  in 
pressure,  and  the  impingement  of  rapidly 
flowing  gas  near  the  vents  of  the  cargo  bay 
in  the  Space  Shuttle.  One  of  the  primary  re- 
quirements in  the  design  was  that  the  sys- 
tem present  no  hazard  to  the  Space  Shut- 
tle or  its  crew. 

The  tank  for  liquid  hydrogen  is  insulated 
with  polyimide  foam  and  three  radiation 
shields.  The  tank  for  liquid  oxygen  is  in- 
sulated with  radiation  shields  only.  The 
foam  prevents  gases  from  condensing  on 
the  hydrogen  tank  when  it  is  in  the  at- 
mosphere of  the  Earth  before  and  during 
launch  and  during  reentry.  Helium  gas 
flows  continuously  through  the  open-cell 


foam  during  these  phases  of  flight  to  re- 
move nitrogen  and  oxygen  from  the  vicinity 
of  the  tank.  The  flow  of  helium  is  contained 
by  the  portions  of  the  structure  surround- 
ing the  tanks,  including  the  forward 
adapter  purge  diaphragm,  the  forward 
adapter  itself,  the  innermost  side-wall  radi- 
ation shield,  and  the  purge  plenum  that 
seals  the  system  on  the  aft  end  of  the  liq- 
uid-hydrogen tank.  The  flow  of  helium  is 
stopped  at  lift-off  but  restarted  if  a  flight  is 
aborted. 

Both  the  purge  diaphragm  and  the 
innermost  radiation  shield  consist  of  a 
high-strength  aromatic  polyamid  cloth 
sandwiched  between  two  outer  layers  of 
polyimide  coated  with  vapor-deposited  alu- 
minum (VDA).  The  outermost  radiation 
sield  uses  a  layer  of  polytetrafluoroethy- 
lene  coated  internally  with  VDA  as  the  out- 
er laminate  layer.  This  material  gives  the 
ratio  of  absorptance-to-thermal-emittance 
required  to  minimize  heating  from  the  Sun 
and  the  Earth's  albedo  while  in  orbit. 

The  hydrogen  tank  foam  is  1.5  in.  (3.8 
cm)  thick  on  the  sidewall  and  0.75  in.  (1.9 
cm)  thick  on  the  forward  bulkhead.  The 
foam  is  assembled  on  the  tank  in  panels 
joined  at  their  edges  by  twin-pin  fasteners. 
The  seams  are  covered  with  polyvinyl  fluo- 
ride tape  to  seal  off  convection  paths  be- 


tween the  radiation  shields  and  the  surface 
of  the  tank.  On  the  tank,  where  the  panels 
are  arranged  in  two  layers,  the  seams  in 
the  outer  layer  are  offset  from  those  in  the 
inner  layer  to  reduce  convection  further. 

The  oxygen  tank  is  warm  enough  that  it 
does  not  tend  to  liquefy  the  gaseous  nitro- 
gen within  the  Shuttle  cargo  bay  and 
therefore  does  not  need  foam  insulation. 
Like  the  hydrogen  tank,  however,  it  does 
need  shields  to  protect  it  from  radiated 
heat  in  orbit.  The  tanks  are  protected  by 
three  such  shields  on  the  sidewall  and  four 
on  the  aft  bulkhead. 

This  work  was  done  by  Richard  H.  Knoll 
of  Lewis  Research  Center  and  Peter  N. 
MacNeil  and  James  E.  England  of  General 
Dynamics  Corp.  Further  information  may 
be  found  in  NASA  TM-89825 
[N 87-2 3685],  Price  Code:  A03  "Design, 
Development,  and  Test  of  Shuttle/ 
Centaur  G-Prime  Cryogenic  Tankage 
Thermal  Protection  Systems. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14707/TN 
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Liquid-Flow  Controller  With  Preset  Break  Pressure 

Flow  starts  only  after  a  minimum  pressure  is  exceeded. 


A  spraybar  mechanism  delivers  a  liquid 
at  a  rate  that  increases  gradually  with  the 
pressure  of  the  liquid,  once  the  pressure 
has  exceeded  a  minimum  value.  The  mech- 
anism is  an  alternative  version  of  the  one 
described  in  the  preceding  article,  "Liquid- 
Flow  Controller  Responds  to  Pressure" 
(MFS-28329).  The  mechanism  includes  a 
flexible  shell  surrounding  a  pintle.  The 
enlarged  conical  tip  of  the  pintle  extends 
through  an  orifice  at  the  bottom  of  the  shell 
(see  Figure  1). 

A  pump  supplies  liquid  to  the  interior  of 
the  shell.  With  no  or  low  pressure  in  the 
shell,  the  tip  of  the  pintle  blocks  the  orifice 
completely,  and  no  liquid  flows  from  the 
shell.  As  the  pump  increases  the  pressure, 
the  midsection  of  the  shell  starts  to  expand. 
The  pintle  still  seals  the  orifice,  however, 
until  the  orifice  begins  to  rise  on  the  tip  of 
the  pintle  toward  the  narrow  end  of  the 
cone.  At  this  point,  liquid  begins  to  flow 
from  the  shell.  As  the  pressure  increases 
further,  the  orifice  opens  wider  and  flow 
increases. 


Fixed-Area 

Orifice- 

2 
3 
to 
in 
d) 

Orifice 

/Closed 

/ 

/                    Varia 

ble-Area  Orifice 
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Tapered  Pintle 

Flow 

Figure  2.  Once  the  Minimum  Pressure  for 

Flow  is  reached,  the  pressure  increases 
gradually  with  increasing  flow.  This  con- 
trasts with  the  behavior  of  the  fluid  in  a 
fixed-area  orifice,  wherein  the  pressure  in- 
creases steeply  with  flow. 


Shell 


Pintle 


Conical  Tip 
of  Pintle 


LOW  PRESSURE,  NO  FLOW 


HIGHER  PRESSURE,  FLOW  BEGINS 


Figure  1.  The  Orifice  in  the  Shell  Rises  on  the  lower  end  of  the  pintle  as  the  pressure  in  the  shell 
increases.  A  gap  forms  between  the  pintle  and  the  orifice  only  after  the  pressure  reaches  a  cer- 
tain minimum  value.  Liquid  then  begins  to  flow  out  from  the  cavity  in  the  shell. 


Thus,  no  liquid  flows  until  the  pressure 
reaches  a  predetermined  level  (see  Figure 
2).  Thereafter,  the  flow  increases  approxi- 
mately linearly  with  pressure.  When  this 
mechanism  is  used  to  spray  fuel  in  a  rocket 
engine  and  possibly  in  other  types  of  com- 
bustion chambers,  the  preset  minimum 
pressure  for  the  initiation  of  flow  prevents 
"chugging"  —  unstable  combustion  at  low 
flow  rates.  It  also  allows  the  spraybar  to  be 
prefilled  so  that  the  spraying  and  combus- 
tion can  be  started  rapidly.  The  approxi- 
mately linear  rise  of  flow  with  pressure  (in 
contrast  with  the  steeper  increase  with  a 
fixed-area  orifice)  reduces  the  maximum 
pressure  required  of  the  pump  at  high  flow. 

This  work  was  done  by  George  B.  Cox, 
Jr.,  of  United  Technologies  Corp.  for  Mar- 
shall Space  Flight  Center. 


Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28330/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center. 

AL  35812 

(205)  544-0024 
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Liquid-Flow  Controller  With  Trickle  Preflow 

Pressure  increases  steeply  with  flow  up  to  a  point,  beyond  which  pressure  increases  gradually. 


A  liquid-flow  controller  allows  the  pres- 
sure in  the  liquid  to  increase  steeply  with 
flow  as  the  flow  starts,  then  provides  a 
more-gradual  nearly  linear  rise  of  pressure 
with  flow  as  the  flow  and  pressure  increase 
beyond  a  preset  breakpoint.  The  controller 
is  an  alternative  version  of  the  mechanism 
described  in  the  two  preceding  articles, 
"Uquid-Flow  Controller  Responds  to  Pres- 
sure" (MFS-28329)  and  "Liquid-Flow  Con- 


troller With  Preset  Break  Pressure"  (MFS- 
28330). 

Like  the  second  version,  this  version  in- 
cludes a  pintle  as  the  metering  element  in 
the  orifice  of  a  shell.  Now,  however,  the 
conical  tip  of  the  pintle  is  not  solid  but  con- 
tains two  cutout  sections  (see  Figure  1). 

With  no  or  low  pressure  in  the  shell,  the 
orifice  rests  against  the  conical  surface  on 
the  tip  of  the  pintle.  As  liquid  is  pumped  into 


LOW-PRESSURE, 
TRICKLE  FLOW 


BOTTOM  VIEW 
OF  PINTLE 


HIGHER-PRESSURE, 
LARGE  FLOW  BEGINS 


Cutouts 


Figure  1.  Material  Is  Cut  Out  of  the  Cone  at  the  tip  of  the  pintle.  Liquid  can  thus  always  pass 
from  the  shell,  albeit  at  a  low  rate.  When  the  pressure  in  the  shell  is  great  enough  to  force  the 
orifice  away  from  the  pintle,  the  liquid  flows  at  a  greater  rate. 
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Figure  2.  The  Pressure  Increases  Steeply 

with  the  flow  up  to  the  breakpoint,  beyond 
which  the  increase  is  more  gradual  and  ap- 
proximately linear. 

the  shell,  a  small  amount  that  can  flow 
trickles  out  through  the  cutouts.  As  the 
shell  becomes  full  and  the  pressure  inside 
it  increases,  the  midsection  of  the  shell  ex- 
pands. As  pressure  increases  beyond  the 
breakpoint,  the  orifice  rises  away  from  the 
cone.  The  orifice  opens  wider  as  the  pres- 
sure continues  to  increase,  and  the  flow 
through  the  orifice  increases  accordingly 
(see  Figure  2). 

This  work  was  done  by  George  B.  Cox, 
Jr.    of  United   Technologies   Corp.    for 
Marshall  Space  Flight  Center. 
MFS-28331/TN 
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Static  Pressure-Assisted  Seal  for  Helium 

A  metal  seal  replaces  a  leaky  elastomeric  seal. 


The  two-piece,  all-metal,  pressure-as- 
sisted static  flange  seal  shown  in  the  figure 
holds  in  pressurized  helium  satisfactorily  at 
a  temperature  of  -80  °F  ( -62  °C).  The  all- 
metal  seal  replaces  a  metal  plate  with 
elastomeric  inserts  on  each  side  (also 
shown  in  the  figure),  which  leaked  exces- 
sively when  the  operating  temperature 
was  reduced  from  -30  °F  ( -34  °C)  to  the 
new  lower  temperature. 

The  new  seal  is  designed  to  Pe  inter- 
changeable with  the  old  seal  and  to  seal 
against  existing  flange  surfaces  while 
maintaining  the  structural  integrity  of  the 
joint.  Thus,  the  metal  plate  in  the  new  seal 
has  the  same  thickness  as  that  of  the  metal 
plate  in  the  old  seal  and  has  the  same  bolt- 
hole  configuration. 

The  new  seal  is  certified  for  use  in  flight 
on  the  helium  joints  of  the  Space  Shuttle 
main  engine.  Likely  terrestrial  applications 
may  include  laboratory  and  industrial  gas- 
distribution  systems. 

This  work  was  done  by  Donald  E.  Stuck 
and  Takateru  Okabayashi  of  Rockwell  In- 
ternational Corp.  for  Marshall  Space 
Right  Center.  No  further  documentation 
is  available. 
MFS-29429/TN 


Note.  Thicknesses  of  plates 
and  diameter  of 
four-bolt  flange  are 
not  drawn  to  scale. 


Four-Bolt  Flange 


New   Design: 

All- Metal. 
Two-Piece  Seal 


Old  Design:  Elastomer- 
and  Metal  Three-Piece  Seal 


SECTIONS  A-A 
OLD  SEAL,  NEW  SEAL,  AND  FOUR-BOLT  FLANGE 


Flanges 


L  — i 


SECTION  B  B 


NEW  SEAL  INSTALLED  IN  FOUR  BOLT  JOINT 


Flanges 


SECTION  CC 


NEW  SEAL  INSTALLED  IN  SIX  BOLT  JOINT 


The  Static  Seal  is  installed  between  two  flanges,  which  are  then  bolted  together.  The  old  ver- 
sion included  two  elastomeric  sealing  elements.  The  new  version  includes  one  pressure-as- 
sisted metal  sealing  element  held  in  place  by  the  metal  plate  and  flanges. 
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Vibrational  Responses  of 
Structures  to  Impulses 

The  analysis  of  transients 
supplements  the  usual  modal 
analysis  for  greater  accuracy. 

A  report  discusses  the  propagation  of  vi- 
brations in  a  structure  in  response  to  impul- 
sive and/or  concentrated  loads.  The  usual 
finite-element  modal  analysis  is  inadequate 
to  describe  such  phenomena  because  it 
does  not  account  for  high  frequencies  that 
contribute  significantly  to  the  vibrations.  In 
the  approach  taken  by  the  author,  the  ef- 
fects of  pulsed  loads  are  treated  by  ana- 
lyzing the  propagation  of  characteristic  vi- 
brational waves  explicitly  through  each 
member  of  the  structure.  This  wave-front 
analysis  should  be  used  in  combination 
with  the  usual  finite-element  modal  analy- 
sis to  obtain  a  more  accurate  representa- 
tion of  the  overall  vibrational  behavior. 

The  discussion  begins  with  the  propaga- 
tion of  pulse  excitations  in  one-dimensional 
structural  members.  Excitations  include 
longitudinal,  shear,  bending,  and  trans- 
verse string  vibrational  waves,  each  propa- 
gating uncoupled  from  the  others  (within  a 
member)  at  a  characteristic  speed  given 
by  the  classical  small-vibration  equations. 

Next,  periodic  lattice-type  structures  are 
considered  to  be  composed  of  such  one- 


dimensional  members  with  joints  charac- 
terized by  transmission  and  reflection 
coefficients  for  one  type  of  excitation  only. 
Time  is  nondimensionalized  by  expressing 
it  in  units  of  the  time  of  propagation  along 
one  member.  With  this  formulation,  the  re- 
sponse of  the  structure  to  an  initial  pulse  at 
the  times  of  arrival  of  the  wave  at  subse- 
quent members  can  be  expressed  by  dif- 
ference equations  in  matrix  form.  The  solu- 
tion can  be  obtained  from  an  initial  pulse 
vector  by  successive  matrix  multiplica- 
tions. The  qualitative  properties  of  the  solu- 
tion are  defined  by  the  eigenvalues  of  the 
fundamental  matrix,  which  plays  the  same 
role  as  that  of  the  stiffness  matrix  in  the 
finite-element  technique. 

A  real  structure  is  more  likely  to  be 
aperiodic,  with  different  characteristic 
speeds  and  delays  in  each  member.  Fur- 
thermore, joints  can  convert  one  type  of 
deformation  into  another  (e.g. ,  an  angle  be- 
tween two  rods  can  convert  a  longitudinal 
wave  into  a  longitudinal  plus  a  transverse 
wave),  so  that  sets  of  transmission/conver- 
sion and  reflection/conversion  coefficients 


are  needed.  When  time  is  nondimensional- 
ized in  terms  of  the  delay  for  one  type  of 
wave  in  one  of  the  members,  a  more  com- 
plicated system  of  difference  equations  is 
obtained.  As  before,  matrix/vector  meth- 
ods are  used  to  obtain  the  solution. 

One  of  the  interesting  predictions  of  this 
analysis  is  that  unequal  delays  in  members 
and  conversions  of  waves  at  joints  can 
cause  the  vibrational  response  to  a  pulse 
excitation  to  lose  its  periodicity  and  be- 
come ergodic.  The  mathematical  instabil- 
ity of  a  structure  under  small  changes  in 
the  propagation  speeds  and  lengths  of  the 
members  may  cause  a  transition  to  ergo- 
dicity  even  in  a  structure  for  which  the 
analysis  initially  predicts  a  periodic  re- 
sponse.' 

This  work  was  done  by  Mich  ail  A.  Zak 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Dynamical  Response  to 
Pulse  Excitations  in  Large  Space  Struc- 
tures." 
NPO-17343/TN 
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Predicting  Noise  From 
Wind  Turbines 

Effects  of  turbulence, 
trailing-edge  wakes,  and 
bluntness  are  taken 
into  account. 

The  computer  program  WINDY  pre- 
dicts broadband  noise  spectra  of  horizon- 
tal-axis wind-turbine  generators.  This  will 
enable  adequate  assessment  of  the  im- 
pact of  broadband  wind-turbine  noise.  The 
program  has  practical  application  in  the 
design  and  siting  of  wind-turbine  machines 
that  are  acceptable  to  the  community.  Un- 
derlying noise-generating  phenomena  are 
discussed  in  the  user's  manual  of  the  pro- 
gram. 

WINDY  predicts  total  noise  based  on 
such  input  sources  as  the  inflow  turbu- 
lence to  the  rotor,  the  interactions  of  the 
turbulent  boundary  layers  on  the  surfaces 
of  the  turbine  blades  with  the  trailing  edges 
of  those  surfaces,  and  the  wake  due  to  a 


blunt  trailing  edge.  The  total  broadband 
noise  generated  is  the  logarithmic  sum  of 
these  contributions.  The  effects  of  the  size 
of  the  machine,  the  power  output,  the 
bluntness  of  the  trailing  edge,  and  distance 
to  the  receiver  are  incorporated  in  the  pro- 
gram. 

The  program  is  partly  empirical  and  is 
based  on  acoustic  measurements  of  airfoil 
models  and  large  wind  turbines.  For  the 
purposes  of  validation,  predicted  frequen- 
cy spectra  were  compared  with  measured 
dafa  from  several  machines,  including 
MOD-OA,  MOD2,  WTS-4,  and  U.S.  Wind- 
power,  Inc.,  machines.  Good  agreement 
was  obtained  between  the  measured  and 
predicted  far-field  noise  spectra. 


The  WINDY  program  is  written  in  GW- 
Basic.  it  was  designed  to  operate  on  IBM 
Personal  Computers  and  compatibles  and 
has  been  implemented  under  DOS  3.1. 
WINDY  was  developed  in  1987. 

This  program  was  written  by  Ferdinand 
W.  Grosveld  of  Planning  Research  Corp. 
for  Langley  Research  Center. 
LAR-13984/TN 
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Doppler-Shifted  Raman  Spectroscopy  Measures  Flows 

Nonintrusive,  accurate  wind-tunnel  measurements  are  obtained  without  seeding  the  flows. 


A  technique  for  measuring  the  velocity, 
static  pressure,  and  translational  tempera- 
ture of  flowing  molecules  by  use  of  stimu- 
lated Raman  spectroscopy  has  been  dem- 
onstrated in  a  supersonic  wind  tunnel  at 
NASA  Langiey  Research  Center.  These  crit- 
ical aerodynamic  quantities  were  measured 
simultaneously  by  this  nonintrusive  tech- 
nique, without  the  need  to  seed  the  flow. 

A  specialty  designed  retrometer  was  em- 
ployed to  reduce  the  sensitivity  of  the  sys- 
tem to  vibrations.  This  feature  also  enabled 
simultaneous  measurements  of  both  the 
forward-  and  backward-scattered  Raman 
lines.  Analysis  of  the  profiles  and  relative 
shifts  of  these  lines  renders  a  single  data 
point  for  velocity,  pressure,  and  tempera- 
ture. In  the  initial  demonstration  of  the 
technique  in  the  free-stream  flow  and  be- 
hind the  shock  layer  of  a  simple  model, 
mach-number  data  showed  good  agree- 
ment with  the  values  set  aerodynamically. 

The  extension  of  the  technique  to  the 
hypersonic  flow  regime  was  also  investi- 
gated, and  simulated  spectra  for  the  free- 
stream  flow  in  several  operating  hyperson- 
ic facilities  were  generated.  These  spectra 
show  the  viability  of  the  technique  and  its 
limitations  at  very  low  densities.  In  particular, 
it  was  found  that  the  peaking  of  the  shape  of 
the  forward-scattered  spectral  line  with 
decreasing  pressure  just  compensates  for 
the  decrease  in  density,  so  that  the  peak  in- 
verse Raman  spectroscopy  signal  in  for- 
ward scattering  remains  constant. 

The  spectral  width  of  the  laser  beam, 
however,  represents  a  limiting  factor  for 
resolution  of  the  peak  in  the  shape  of  the 
forward-scattering  line  and  sets  a  lower 
limit  on  the  determination  of  pressure  from 
the  width  of  the  forward-scattering  line. 
Thus,  as  the  density  is  reduced,  the  pres- 
sure ceases  to  be  measurable,  although 
the  forward/backward  scheme  retains  the 
capability  for  measuring  velocity  and  tem- 
perature. 

The  simulated  spectra  were  calculated 
for  the  ideal  conditions  of  (1)  maximum 
theoretical  gain  or  loss,  (2)  the  shot-noise 
limit,  and  (3)  a  single  pulse.  To  date,  only  10 
percent  of  the  theoretical  gain  has  been 
obtained,  and  limitations  are  imposed  by 


laser  noise.  However,  with  improvements 
in  experimental  technique,  the  shot-noise 
limit  should  be  achieved,  and  about  50  per- 
cent of  the  theoretical  gain  should  be  at- 
tained. The  signal-to-noise  ratio  can  there- 
fore be  improved  in  the  shot-noise  limit  by 
increasing  the  probe  power.  In  addition, 
signal  averaging  can  also  be  employed  to 
increase  the  signal-to-noise  ratio,  depend- 
ing on  response-time  limitations. 

This  work  proves  the  viability  of  and  es- 
tablishes the  accuracy  of  nonintrusive 


measurements  of  velocity,  temperature, 
and  pressure  in  a  wind  tunnel.  This  capabil- 
ity is  very  valuable  in  aerodynamic  testing 
and  should  prove  useful  in  a  wide  variety  of 
laboratory,  industrial,  and  engineering  ap- 
plications. 

This  work  was  done  by  Reginald  J. 
Exton,  Mervin  E.  Hillard,  Jr.,  Walter  B. 
Lempert,  Peter  F.  Covell,  and  David  S. 
Miller  of  Langley  Research  Center. 
LAR-14133/TN 
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The  Optical  Equipment  for  Vibration-Free  Raman  Doppler  Velocimetry  in  a  wind  tunnel  in- 
cludes a  specially  designed  retrometer  that  reduces  the  sensitivity  of  the  system  to  vibra- 
tions.  f 
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Electrolysis  Bubbles  Make  Waterflow  Visible 

Traces  in  photographs  are  measured  to  obtain  velocities. 


A  technique  for  the  visualization  of 
three-dimensional  flow  uses  tiny  tracer 
bubbles  of  hydrogen  and  oxygen  made  by 
the  electrolysis  of  water.  Strobe-light 
photography  is  used  to  capture  the  flow 
patterns,  yielding  a  permanent  record  that 
can  be  measured  to  obtain  the  velocities  of 
particles.  This  technique  was  used  to 
measure  the  simulated  mixing  turbulence 
in  a  proposed  gas-turbine  combustor  and 
could  be  used  in  other  water-table  flow 
tests. 

Figure  1  shows  a  schematic  diagram  of 
the  test  apparatus,  which  consisted  of  an 
acrylic  plastic  model  of  the  combustor,  a 
water-electrolysis  system,  a  water-circula- 
tion system,  and  a  strobe-lamp-and-cam- 
era  system.  The  model  was  oriented  verti- 
cally. The  water  was  made  to  flow  upward 
in  the  measurement  region  to  minimize  the 
second-order  effect  of  the  buoyancy  of  the 
gas  bubbles  and  the  tendency  of  the  gas 
bubbles  to  stick  to  the  walls  of  the  model. 

The  electrical  conductivity  of  the  water 
|  was  increased  by  adding  ammonium  nitrate 
to  make  a  1.0  normal  solution.  A  wetting 
agent  was  added  to  suppress  the  forma- 
tion of  bubbles  on  the  walls.  This  solution 
was  then  periodically  buffered  with  nitric 
acid  to  keep  the  solution  optically  clear.  (It 
was  speculated  that  carbon  dioxide  from 
contact  with  air  dissolved  in  the  city  water 
creating  the  observed  clouding  of  the  solu- 
tion through  the  formation  of  calcium  car- 
bonate.) It  was  found  that  a  relatively  con- 
ductive solution  enabled  the  use  of  single 
electrodes  at  most  points,  provided  that  in 
each  case  the  matching  electrode  was  not 
more  than  a  centimeter  or  two  away. 

The  electrodes,  consisting  of  straight  or 
looped  4.0-cm  lengths  of  0.13-mm  stain- 
less-steel wire,  were  secured  to  the  model 
with  transparent  tape  at  appropriate  flow- 
entry  points  as  indicated  in  Figure  2.  A  0-  to 
18-Vdc  power  source  was  utilized.  The  rate 
of  formation  of  bubbles  was  varied  by  vary- 
ing the  electrode  voltage.  Usually,  the 
higher  voltages  and  bubble-formation 
rates  were  used  with  higher  waterflow 
rates.  Switching  made  it  possible  to  en- 
ergize various  groups  of  electrodes. 

The  strobe  lamp  provided  the  illumina- 
tion for  the  photography,  which  was  done 

Kigure  2.  Electrodes  Are  Mounted  on  the 
lodel  to  generate  bubbles  in  the  flow. 


Pump 


Figure  1.  Bubbles  of  Hydrogen  and  Oxygen  are  created  by  electrolysis.  Entrained  in  the  flow, 
they  leave  traces  in  photographs  that  can  be  measured  to  determine  flow  velocities. 


with  a  conventional  35-mm  camera  with 
high-speed  film.  Measurements  of  the  bub- 
ble traces  were  then  coordinated  with  the 
waterflow-rate  data  to  obtain  final  tur- 
bulence data. 


This  work  was  done  by  C.B.  Johnson, 
D.L.  Carraway,  and  P.C.  Stainback  of 
Langley  Research  Center  and  M.F. 
Fancher  of  Douglas  Aircraft  Co. 
LAR-13830/TN 
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Jig  for  Stereoscopic  Photography 

Separations  between  views  can  be  adjusted  precisely  for  best  effects. 


A  simple  jig  can  be  adjusted  to  set  pre- 
cisely the  distance  between  the  right  and 
left  positions  of  a  camera  used  to  make  ster- 
eoscopic photographs.  The  jig  was  devised 
for  a  training  program  that  uses  stereo- 
scopic views  of  soldered  assemblies  to 
teach  standard  soldering  techniques.  In 
view  of  the  trend  toward  very-large-scale 
integration  of  electronic  circuits,  the  train- 
ing method  and  the  jig  used  to  make  train- 
ing photographs  may  be  useful  to  many 
companies  to  reduce  the  cost  of  training 
manufacturing  personnel. 

The  camera  is  preferably  a  35-mm  sin- 
gle-lens-reflex unit  equipped  with  a  closeup 
lens  suitable  for  the  workbench  distances 
in  question.  It  slides  laterally  in  the  jig  (see 
figure)  between  stops.  The  left  (from  the 
point  of  view  of  the  camera)  stop  is  a  fixed 
pin.  The  position  of  the  right  (from  the  point 
of  view  of  the  camera)  stop  can  be  adjust- 
ed by  a  micrometer. 

Experiments  can  be  carried  out  to  deter- 
mine the  optimum  distance  from  the  object 
to  the  camera  as  a  function  of  the  distance 
between  the  right  and  left  camera  posi- 
tions. Ideally,  the  relationship  between 
these  distances  should  cause  the  stereo- 
scopic images  to  overlap  about  60  per- 
cent, and  the  distance  between  the  right 
and  left  positions  should  be  such  as  to  give 
a  view  equivalent  to  that  of  a  human  ob- 


Micrometer 


Camera 


Sliding 
Mount 


Right  (as  Seen 
by  Camera)  Stop 


Left  (as  Seen 
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The  Camera  Slides  in  the  Slot  between  extreme  positions,  where  it  takes  stereoscopic  pic- 
tures. The  distance  between  the  extreme  positions  can  be  set  reproducibly  with  the  microm- 
eter. 


server,  for  whom  the  interpupillary  dis- 
tance is  about  70  mm. 

This  work  was  done  by  David  J.  Nielsen 


of  Rockwell  International  Corp.  for  John- 
son Space  Center.  No  further  documen- 
tation is  available.      MSC-21397/TN 
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Cleaning  Excavated  Soil  Using  Extraction  Agents:  A  State- 
of-the-Art  Review 


Introduction 

Under  the  Comprehensive  Environ- 
mental Response,  Compensation,  and 
Liability  Act  of  1980  (CERCLA)  as 
amended  by  the  Superfund  Amendments 
and  Reauthorization  Act  of  1986  (SARA), 
cleanup  activities  at  hazardous  waste 
sites  must  reduce  the  toxicity,  mobility, 
and  volume  of  hazardous  substances. 
The  1984  Hazardous  and  Solid  Wastes 
Amendment  (HSWA)  to  the  Resource 
Conservation  and  Recovery  Act  (RCRA) 
was  created  in  large  part  in  response  to 
citizen  concerns  that  existing  methods  of 
hazardous  waste  disposal,  particularly 
land  disposal,  were  not  safe. 

The  land  ban  provisions  of  the  1984 
RCRA  amendments  have  given  con- 
siderable impetus  to  developing  more 
economical  and  effective  means  of 
treating  hazardous  waste.  EPA  is  now 
sponsoring  research  on  new  treatment 
technologies  to  destroy,  detoxify,  or 
incinerate  hazardous  waste;  on  ways  to 
recover  and  reuse  hazardous  waste;  and 
on  methods  to  decrease  the  volume  of 
hazardous  waste  requiring  treatment  or 
disposal.  On-site  treatment  technologies 
that  remove  contaminants  or  decrease 
contaminant  levels  may  achieve  better 
hazard  control  than  containment 
techniques  In  addition,  as  landfill 
disposal  becomes  more  expensive  and 
as  hazardous  waste  transportation  is 
more  stringently  regulated,  on-site  waste 
treatment  technologies  will  become  more 
desirable--if  they  are  technically 
demonstrated,  environmentally  safe,  and 
economical.  One  of  the  research  areas 
initiated  by  the  EPA  is  use  of  extraction 
agents  for  washing  excavated 
contaminated  soil  Washing  excavated 
soil  holds  promise  for  being  applicable  to 
all  contaminants 

Soil  Washing  for  Safe  On-site 
Redeposit 

Son  washing  employing  extraction 
agents  consists  of  soil  excavation,  above- 
ground  treatment,  isolation  and  removal 
or  destruction  of  the  contaminant,  and 
redeposit  of  the  cleaned  soil  Each  of  the 
above-ground  treatment  techniques  for 
separating  the  contaminant  from  the  soil 


uses  an  extraction  agent-a  liquid,  gas, 
chemical  additive,  or  combination  of 
agents— that  mobilizes  the  contaminant, 
which  is  chemically  or  physically 
attached  to  the  soil  particles. 

Specifically,  this  report: 

1 .  surveys  the  contaminants  (by  type 
and  concentration)  and  soil  (by  type  and 
quantity)  at  the  various  National  Priority 
List  (NPL)  sites  to  define  the  most 
frequently  occurring  problems  at  these 
sites, 

2.  reviews  the  extractive  treatment 
technologies  that  have  potential  for 
cleaning  the  contaminants  from  soils,  and 

3  recommends  areas  for  future 
research. 

Patterns  of  Contamination  at 
NPL  Sites 

The  choice  of  soil  washing  method  will 
depend  on  the  tyoe  of  contaminant  and 
type  of  soil  at  the  site.  Therefore,  NPL 
site  information  files  were  surveyed  to 
determine  the  contaminants  and  soil 
types  prevalent  at  these  sites. 

To  determine  the  patterns  of  contam- 
ination at  NPL  sites,  contaminants  are 
categorized  into  major  groups  from  a  soil 
washing  perspective,  based  on  the 
following  soil  washing  parameters: 

•  water  solubility 

•  vapor  pressure 

•  octanol/water  partition  coefficient 

•  density 

These  parameters  are  used  to  create 
contaminant  categories: 

•  hydrophilic    organic    compounds 
(volatile  and  nonvolatile) 

•  hydrophobic  organic  compounds 

•  volatile  organic  compounds 

•  heavy  metals 

•  PCBs 

•  radioactive  material 

•  other  organics 

Soil  is  classified  according  to  its  major 
particle  size  fraction  as  sand,  silt,  or  clay. 
Since  the  soil  and  contaminants  together 
determine  the  effectiveness  of  a 
particular  soil  washing  method,  the 
contaminant  and  soil  types  are  cate- 
gorized under  one  of  32  soil-contaminant 
type    pairs.    Derived    from    soil    and 
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contaminant  aata  at  82  NPL  sites  in 
USEPA's  Region  II  (consisting  of  New 
York,  New  Jersey,  Puerto  Rico,  and  the 
Virgin  Islands)  these  soil-contaminant 
type  pairs  are  listed  together  with  their 
frequency  of  occurrence.  Three  pairs 
occur  at  significantly  greater  frequency 
than  do  the  remaining  29  pairs.  These 
are  hydrophobic  volatile  compounds, 
hydrophobic  nonvolatile  compounds,  and 
heavy  metals-all  of  them  in  sites  with 
sandy  soil. 

Procedure 

Three  major  extraction  techniques  are 
used  to  clean  soil:  water  washing  with 
extractants,  solvent  extraction,  and  air 
stripping. 

Water  washing  with  extractive  agents  is 
applicable  for  cleaning  nonvolatile 
hydrophilic  and  hydrophobic  organics 
and  heavy  metals  from  soil.  The  solvent 
extraction  processes  show  potential  for 
cleaning  nonvolatile  hydrophilic  and 
hydrophobic  organics  from  soil.  Air  strip- 
ping processes  are  limited  to  cleaning 
soil  of  volatile  organics. 

Most  of  the  soil  cleaning  processes 
involve  mixing  the  extractant  with  soil, 
followed  by  solid/liquid  separation  where 
the  cleaned  soil  is  separated  from  the 
extractant  fluid.  The  extractant  is  then 
cleaned  of  the  contaminant  and  recycled 
as  required. 

Conclusions  and 
Recommendations 

The  following  conclusions  have 
emerged  from  this  literature  review  of 
theoretical,  bench-scale,  and  pilot-scale 
investigations  of  state-of-the-art  tech- 
nologies for  the  extraction  of 
contaminants  from  soil. 

•  Pilot-scale  tests  conducted  by  TNO, 
Heijmans,  HWZ  Bodemsanering, 
BSN,  and  Ecotechniek  show  that 
sand  or  silt  can  be  washed. 

•  Above-ground  extraction  of  organics 
and  heavy  metals  from  sandy  soil 
containing  very  low  levels  of  clay  is 
feasible. 

•  Above-ground  extraction  of  organics 
and  heavy  metals  from  clay  soil 
fractions  has  not  been  demonstrated 
on  a  pilot  scale. 

•  Separation  of  the  extractant  from  the 
soil  and  regeneration  of  the  ex- 
tractant have  not  been  successfully 
demonstrated  for  clay  soils. 


•  Contaminant  extraction  experience 
does  provide  enough  information  to 
support  a  decision  on  the  technical 
feasibility  of  applying  soil  washing  at 
NPL  sites. 

•  More  applied  pilot-scale  testing  must 
be  conducted  to  support  any 
statement  on  the  environmental  and 
economic  practicability  of  extraction 
technologies. 

•  Experience  with  contaminant  removal 
via  water  washing  at  the  bench,  pilot, 
and  prototype  scales  supports 
application  of  the  technology  for 
cleaning  sandy  and  silty  soils. 
Economic  competitiveness  of  soil 
washing  compared  to  other  remedial 
technologies  such  as  incineration  or 
fixation  is  indicated.  Further  study  is 
needed  to  establish  fixed  and 
operating  costs  for  aqueous 
extraction  of  soil  contaminants. 

A    program    is    needed    that    would 
include  the  following  components: 

•  Characterization  of  soil  at  NPL  sites 
from  a  soil  washing  perspective.  This 
would  include  particle  size  dis- 
tribution, mineralogical  observations, 
physical  and  chemical  analyses,  etc. 

•  Bench-scale  testing  to  establish  the 
required  processing  configurations 
and  operating  conditions  for  the 
various  wastewater  treatment  and 
regeneration  subsystem  options. 

•  Preliminary  process  design,  sizing, 
and  costing  of  a  modular  trans- 
portable pilot-plant  system  to 
determine  process  economics  for 
comparison  with  incineration  and 
other  remedial  technologies. 

•  Design,  construction,  and  operation 
of  a  modular  transportable  pilot-scale 
unit  to  demonstrate  its  applicability  at 
selected  NPL  sites. 

•  Research  and  development  efforts 
toward  broadening  the  application  to 
washing  of  high-clay  soils,  it  eco- 
nomically justified. 


< 


R  Raghavan.  E.  Coles,  and  C  ,Dietz  are  with  Foster  Wheeler  Enviresponse.  Inc.. 

Livingston.  NJ  07039. 
Darlene  Williams  is  the  EPA  Protect  Officer  (see  below). 

The  complete  report,  entitled  "Cleaning  Excavated  Soil  Using  Extraction  Agents: 
A  State-of-the-Art  Review."  (Order  No.  PB  89-212  757IAS:  Cost:  S  15.95. 
sub/ect  to  change)  will  be  available  only  from: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone:  703-487-4650 
Tiw  FPA  Protect  Officer  can  be  contacted  at: 
Releases  Control  Branch 
Risk  Reduction  Engineering  Laboratory 
US  Environmental  Protection  Agency 
Edison.  NJ  08837 


**¥ 


■■■.-.■.■. -.■■•.■■■■•.•  1v1v.\v/..yJ.v>J^vJ.v/.-/^v.^^.yJv^ 


Technology  Application 


Lawrence  Berkeley  Laboratory 

Optical  Trap:  Important  New  Tool  for  Manipulating 
Chromosomes 

New  technology  providing  a  "window"  with  a  direct  and  more  accurate  view  of  underground  contamination  is 
being  developed. 

Researchers  have  devised  a  remote  monitoring  system  that  combines  lasers,  fiber  optics,  and  a  novel  technique 
called  thermal  lens  spectroscopy  to  detect  and  measure  radioactive  elements  in  groundwater. 

Exploring  techniques  to  better  assess  waste  sites,  scientists  developed  the  thermal  lens  monitoring  technique  after 
employing  several  key  advances  in  miniaturization.  The  compact  instrument  package  is  designed  to  operate  from 
inside  a  lest  well,  performing  continuous  analysis  of  underground  water  samples  without  human  handling.  Data 
would  be  transmitted  from  the  well  to  a  remote  recording  station  by  an  optical  fiber  cable. 

Monitoring  for  radioactivity  in  groundwater  is  customarily  performed  by  sampling  water  from  a  well  and  transport- 
ing it  to  a  laboratory  for  analysis.  This  conventional  approach  can  result  in  alteration  of  a  sample  through  mishan- 
dling, temperature  change,  exposure  to  the  air,  or  contamination.  Too,  because  the  data  is  periodic,  the  samples 
analyzed  are  not  necessarily  representative.  The  new  process  should  avoid  these  pitfalls. 

The  system  has  two-to-three  orders  of  magnitude  greater  sensitivity  than  commercial  spectrometers,  and  can  detect 
very  low  levels  of  radioactive  species  in  water.  The  system  also  has  the  potential  to  detect  and  monitor  other 
organic  and  inorganic  contaminants  such  as  solvents  and  pesticides. 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  Lawrence  Berkeley  Laboratory,  Berkeley, 
CA  94720;  Telephone  (415)486-5771. 
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Improved  Packaging  For  VLSIC 


With  new  advances  in  integrated  cir- 
cuit technology  and  increased  functional 
chip  density,  packaging  and  in- 
terconnections between  devices  have 
become  limiting  factors  in  achieving 
higher  functional  densities  on  the  sys- 
tems level.  Circuit  performance  is  lim- 
ited by  'ong  interconnects,  which  increase 
propagation  delays  and  contribute  to 
greater  signal  distortion  due  to  inter-line 
capacitance  coupling  and  crosstalk. 

The  demand  for  an  order  of  magni- 
tude increase  in  circuit  density  will  be 
met  by  first  grouping  devices  into  multi- 
chip  modules,  thus  eliminating  the  first 
level  of  packaging  and  secondly  by  re- 
ducing the  geometries  of  interconnects 
between  devices  making  them  equiva- 
lent in  size  to  chip  geometries.  This  ap- 
proach will  effectively  combine  micro- 
electronic packaging  techniques  with 
semiconductor  fabrication  techniques. 
The  specific  approach  is  to  create  an 
interconnect  structure  on  a  silicon  wafer, 
mount  pre-tested  silicon  devices  on  the 
interconnect,  and  package  the  structure 
in  an  aluminum-nitride  hermetic  pack- 
age. 

The  interconnect  structure  will  be  a 
3.8  x  3.8  inch  substrate  from  a  6  inch  di- 
ameter silicon  wafer.  There  will  be  seven 
conductor  layers  separated  by  a  polyim- 
ide  dielectric  layer.  2000  lines  per  inch 
(all  levels)  will  be  demonstrated  with 
conductors  being  15  microns  wide.  Op- 
eration at  100  MHz  is  required.  To  ac- 
commodate the  3.8  x  3.8  inch  silicon 
substrate,  the  world's  first  4x4  inch 
aluminum-nitride  package  has  been  de- 
signed and  fabricated.  Aluminum-nitride 
was  selected  as  the  package  material 
because  of  its  close  thermal  coefficient 
of  expansion  match  to  silicon.  A  radically 
different  processing  concept  is  being 


VtSiC  SUBSTRATE 
(POLYMIOE-METAL  ON  Sl| 


VSLIC:  Packaging  Approach: 
Co-Fired  Al-N  Base  with  Brazed 
Ringframe  and  Perimeter  Leads. 


utilized  to  fabricate  the  aluminum-nitride 
package.  The  major  deviations  from 
conventional  processing  are  the  use  of 
an  extruded  green  tape  system  and  hot 
pressing  operation  to  density  the  green 
body.  By  using  this  new  processing 
technique,  dimensional  variability  on  very 
large  packages  can  be  controlled  to  under 
0.1  %,  and  surface  flatness  to  within 
0.0005  inch/inch.  The  aluminum-nitride 
packages  that  are  currently  being  pro- 
duced have  outer  dimensions  measur- 
ing 4.23  x  4.23  inches  and  have  61 2  l/Os 
on  25  mil  centers. 

This  three  year  manufacturing  tech- 
nology program  is  being  undertaken  by  a 
three  member  team,  which  consists  of 
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Hughes  Aircraft  Company,  W.  R.  Grace 
&  Co.,  and  Coors  Ceramic  company. 
Hughes  has  responsibility  forthe  devel- 
opment of  the  silicon-based  high  density 
multichip  interconnect  substrates  while 
Grace  and  Coors  are  responsible  for  the 
development  and  manufacturing  of  pack- 
ages capable  of  accepting  the  substrates. 


For  more  information,  contact: 

Commander, 

Naval  Ocean  Systems  Center 
Attn:  Pat  H.  Reaves,  Code  551 
San  Diego,  CA  92152-5000 
Telephone:    (6 1 9)  553-538 1 
AV    437-3534 
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New  Infrared  Solder  Subsystem 


Studies  by  the  DOD,  Industry,  and  by 
IBM  on  the  Circuit  Card  Assembly  and 
Processing  System  (CCAPS)  program 
have  identified  that  the  following  fea- 
tures are  essential  in  order  to  achieve 
reliable  surface  mount  circuit  card  as- 
semblies: 

1 .  Providing  component  standoff  to  fa- 
cilitatecleaning  undersurface  mount 
components. 

2.  Bulbous  Solder  Joints. 

These  and  many  other  new  and  inno- 
vative features  can  be  accommodated  in 
the  Infrared  (IR)  Soldering  Subsystem 
which  was  developed  for  the  Circuit  Card 
Assembly  and  Processing  System 
(CCAPS)  program  and  is  presently  in- 
stalled at  the  UNISYS,  St.  Paul  facility. 
This  subsystem  was  developed  by 
UNISYS  under  the  direction  of  the  IBM 
Systems  Integration  Division  and  the 
sponsorship  of  the  Navy  Manufacturing 
Technology  Program. 

Highly  efficient  and  repeatable  op- 
eration is  provided  by  the  IR  Soldering 
Subsystem.  The  design  features  of  this 
machine  include: 

•  Automated  material  handling  for 
input  and  output 

•  Inert  gas  atmosphere  capability  for 
each  heating  zone 

•  Forced  cooling  capability 

•  Five  independently  monitored  and 
controlled  temperature  zones 

•  Ability  to  select  between  convection 
and  radiated  heat  sources 

•  Machine  memory  capable  of  storing 
numerous  profiles 

•  Product  buffering  capability  on  out- 
put material  handling 

•  Manual  or  automated  operation. 
Material  handling  for  loading  and  un- 


loading is  automated.  Either  manual  or 
robotic  placement  of  the  card  pallets  at 
the  input  location  activates  processing 
throughthe  machine.  Ontheoutputend, 
a  buffer  module  is  used  to  accumulate 
the  completed  assemblies.  Both  the 
input  and  the  output  operations  are 
monitored  by  the  machine  controller. 

The  Solder  Subsystem  can  be  oper- 
ated manually  through  an  operator  in- 
terface panel,  semi-automatically  through 
the  use  of  menu  driven  software  in  an 
IBM  PC/AT  connected  to  the  RS-232 
machine  control  interface,  or  automati- 
cally with  the  subsystem  controller  con- 
nected to  the  CCAPS  host  processor 
through  a  GM-MAP  local  area  network. 

UNISYS  has  demonstrated  good  re- 
flow  of  bulbous  solder  joints  with  the  IR 
Solder  Subsystem.  The  bulbous  joints 
obtained  show  good  volume  consistency , 
due  in  large  part  to  the  controlled  pre- 
form solder  volume.  The  internal  grain 
structure  and  exterior  posture  of  the 
bulbous  joints  produced  have  been  good 
and  show  desirable  characteristics: 
shininess,  gradual  curvature,  and  sur- 
face smoothness. 

For  more  information  on  the  CCAPS 
program,  contact: 

Director, 

Naval  Industrial  Resources  Support 

Activity  Detachment 
Electronic  Manufacturing  Productivity 

Facility 
Attn:  Mr.  Ross  Edward,  Code  33 
Ridgecrest,  CA  93555-2510 
Telephone:    (619)  446-7706 
AV  437-7706 
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Double -X  Bandmill 

Conventional  multiple  bandmills  consists  of  two  pairs  of 
bandmills  mounted  one  behind  the  other.  Typically,  they 
are  separated  longitudinally  by  1-1/2  feet  to  as  much  as 
6  or  8  feet. 


/T==F-r"'_r '     s 


Artist's  conception  of  Double-X  Bandmill. 

When  logs  are  sawn  by  a  conventional  multiple  bandmill, 
the  first  pair  of  handsaws  makes  two  sawlines  near  the 
outside  of  the  log.  The  second  pair  of  bandmills  makes 
another  two  sawlines  closer  to  the  center  of  the  log.  As 
the  first  two  sawlines  are  made,  growth  stresses  within 
the  log  are  relieved.  This  growth  stress  relief  allows  the 
log  to  move  before  it  reaches  the  second  pair  of  handsaws. 
The  log  movement  causes  variation  in  the  thickness  of  the 
boards  sawn  by  the  second  pair  of  handsaws. 

The  Double-X  Bandmill  makes  all  four  sawlines  at  the 
same  time,  so  log  movement  from  growth  stress  relief 
does  not  result  in  sawing  variation.  The  sawblades  of 
the  two  bandmills  on  each  side  of  the  log  are  crossed  so 
sawteeth  are  beside  each  other  in  the  cutting  region.  This 
is  accomplished  by  mounting  the  loop  of  one  sawblade 
within  the  loop  of  the  other. 


The  Double-X  Bandmill  uses  two  pairs  of  crossed 
bandsaw  blades  to  cut  four  sawlines  simultaneously 
in  a  log  or  cant. 

In  addition,  a  third  bandmill  can  be  mounted  on  each 
side  with  its  sawblade  outside  the  other  two,  allowing  six 
sawlines  at  the  same  time. 

For  additional  information,  contact: 

Jeanne  D.  Danielson 

Forest  Products  Technologist 

Forest  Products  Laboratory 

One  Gifford  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9351 

Reference 

Danielson,  Jeanne  D.;  Lewis,  David  W.  Patent  Number 
4,864,905.  Multiple  bandmill  for  making  a  plurality  of 
sawlines  in  the  same  longitudinal  plane  at  one  time. 
September  12,  1989. 


( 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Forest  Products 
Laboratory 
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Internal  Wire  Guide  for  Gas/Tungsten-  Arc  Welding 

The  wire  is  kept  in  the  shielding  gas,  preventing  oxidation. 


A  guide  inside  the  gas  cup  of  a  gas/tung- 
sten-arc welding  torch  feeds  the  filler  wire 
to  the  weld  pool  along  a  line  parallel  to  the 
axis  of  the  torch.  The  guide  eliminates  the 
problem  of  how  to  place  and  orient  the  torch 
to  provide  clearance  for  an  external  wire 
guide. 

As  shown  in  the  figure,  the  guide  is  placed 
adjacent  and  parallel  to  the  tungsten 
welding  electrode.  The  guide  keeps  the 
wire  within  the  shielding  gas  at  all  times 
during  welding,  thereby  preventing  oxida- 
tion of  the  wire. 

This  work  was  done  by  Gene  E.  Morgan 
and  Gerald  E.  Dyer  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Right 
Center.  No  further  documentation  is 
available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29489/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


Ceramic 


Wire 


Tungsten 

Welding 

Electrode 


MAGNIFIED  VIEW  OF  GUIDE  AND  ELECTRODE 


GUIDE  AND  ELECTRODE  IN  HOLDER 


INNER  PARTS  OF  TORCH  ASSEMBLED  OUTSIDE, 
SHOWING  RELATIONSHIPS  WITH  MANIFOLD  AND  CUP 


The  Wire  Guide  and  Tungsten  Welding  Electrode  are  inserted  in  the  torch  side  by  side. 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Preventing  Contamination  in  Electron-Beam  Welds 

A  simple  expedient  eliminates  time-consuming,  expensive  manual  hand  grinding. 


The  use  of  a  groove  and  backup  tube 
can  greatly  reduce  postweld  cleanup  in 
some  electron-beam  welding  operations. 
The  tube-backup  method  was  developed 
for  titanium  parts,  the  configurations  of 
which  prevented  the  use  of  a  solid-block 
backup. 

Previously,  alumina  beads  were  placed 
in  the  cavity  on  the  root  side  of  the  weld  to 
absorb  the  overpenetrating  electron  beam 
(see  figure).  The  beads,  about  0.075  in.  (1.9 
mm)  in  diameter,  were  pressed  against  the 
parts  so  that  they  were  in  intimate  contact 
with  the  molten  root  during  welding.  As  a 
result,  many  of  the  beads  adhered  to  the 
root  when  it  solidified.  Weeks  —  some- 
times months  —  of  grinding  by  hand  were 
needed  to  remove  the  beads  and  the  sur- 
face roughness  at  the  root.  Additional 
grinding  was  needed  to  remove  the  rough- 
ness on  adjacent  areas  of  the  parts, 
caused  by  the  arcing  of  the  electron  beam 
through  the  beads. 

In  the  new  method,  a  groove  is  cut  in  the 
parts  at  the  root,  and  a  titanium  tube,  cut 
approximately  in  half  lengthwise,  is  insert- 
ed in  the  groove.  The  alumina  beads  are 
packed  over  the  tube  in  the  cavity  as  be- 
fore. During  welding,  the  beam  blows 
through  the  tube  and  into  the  beads.  Now, 


Titanium  PartSi 


Titanium  Tube 
in  Groove  at  Root 


Root 


Weld  Joint 


OLD 


NEW 


In  the  New  Welding  Configuration  (right),  a  tube  is  inserted  in  a  groove  to  prevent  contact  be- 
tween the  alumina  beads  and  the  molten  weld  root.  In  the  old  configuration  (left),  the  root  of 
the  weld  joint  between  the  parts  became  contaminated  with  beads. 


however,  the  beads  do  not  touch  the  mol- 
ten root.  Moreover,  arcing  is  greatly  re- 
duced because  the  groove  and  tube  dif- 
fuse the  beam  before  it  reaches  the  beads. 
When  welding  is  complete  and  the  beads 
and  tube  are  removed,  only  minor  spatter 
remains  and  can  be  ground  away  easily. 


This  work  was  done  by  Wesley  D. 
Goodin,  Kevin  A.  Gulbrandsen,  and  Carl 
Oleksiak  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 

MFS-29428/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Rolling-Contact  Spalling 
in  Bearings 

The  effects  of  thermal  and 
mechanical  stresses 
are  analyzed. 

A  report  describes  experimental  and 
theoretical  studies  of  the  effects  of  thermal 
and  mechanical  contact  stresses  and  the 
attendant  plastic  deformations  responsible 
for  rolling-contact  spalling  of  the  440C- 
steel  bearings  in  a  high-pressure-oxygen 
turbopump.  The  lives  of  the  bearings  are 
limited  by  premature  spalling  of  the  races 
and  balls. 

The  experimental  part  of  the  study  includ- 
ed efforts  to  promote  the  growth  of  fatigue 
cracks  under  cyclic  torsion  in  hardened 
440C-steel  hollow  cylinders  with  circum- 
ferential defects.  In  addition,  spalls  pro- 
duced on  440C  steel  by  a  three-ball/rod  roll- 
ing-contact testing  machine  were  studied 
with  scanning  electron  microscopy.  The 
classical,  V-shaped  spalls  formed  with 
loose  flaps,  pieces  of  which  broke  off  from 
time  to  time,  thus  forming  wear  fragments 
as  the  spall  cracks  grew.  Spalls  were  ob- 
served to  start  growing  from  the  surfaces 
of  uncoated  specimens  and  from  points 


below  the  surfaces  of  specimens  coated 
with  copper. 

The  theoretical  portion  of  the  study 
begins  with  a  finite-element  stress-vs.- 
strain  analysis  without  thermal  effects.  For 
this  purpose,  the  mathematical  model  of 
the  contact  is  a  two-dimensional  indenta- 
tion in  the  otherwise  flat  surface  of  a  ma- 
terial of  idealized  stress-vs.-strain  behavior 
called  "elastic-linear-kinematic-plastic," 
the  parameters  of  which  are  selected  to 
approximate  the  behavior  of  440C  steel. 
This  analysis  considers  Hertzian  pressures 
of  2.5  to  3.64  GPa  and  full  slip  with  a  coeffi- 
cient of  friction  of  0.2  in  the  absence  of 
local  heating.  The  distortion  of  the  rim, 
cyclic  plastic  strains,  residual  stresses, 
and  the  dissipation  of  energy  via  plastic 
deformation  are  evaluated  and  compared 
with  the  results  that  would  be  obtained 
under  the  assumptions  of  pure  rolling  and 
perfect  plasticity. 


Thermal  effects  are  included  by  means 
of  a  coupled  temperature-and-displace- 
ment  finite-element  analysis.  For  this  pur- 
pose, the  indentation  is  considered  to 
generate  heat  fluxes  at  densities  up  to 
8.6  x  104  kW/m2,  which  are  comparable  to 
those  generated  in  the  real  bearings.  Local 
temperatures  in  excess  of  1,000  °C  are 
treated.  In  this  case,  the  stress-vs.-strain 
behavior  is  represented  by  an  idealization 
called  "elastic-perfectly-plastic."  These 
calculations  reveal  that  high  residual  ten- 
sion remains  after  the  contact  is  unloaded 
and  cooled. 

This  work  was  done  by  A.M.  Kumar, 
S.M.  Kulkarni,  B.  Bhargava,  G.T.  Hahn, 
and  C.A.  Rubin  of  the  Center  for  Materials 
Tribology  of  Vanderbilt  University  for 
Marshall  Space  Flight  Center. 
MFS-27201/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Simplified  Models  Speed  Electroforming  Tests 

Two-dimensional  models  are  easier  to  construct  than  are  fully-machined 
three-dimensional  models. 


A  method  of  evaluating  the  configura- 
tions of  electroforming  shields  reduces  the 
cost  of  evaluation.  The  method  is  appli- 
cable to  electroformed  parts  that  have 
axes  of  symmetry.  The  method  involves 
electroforming  material  onto  a  two-dimen- 
sional approximation  of  the  part  in  question 
(see  figure),  using  the  side  shields  to  be 
evaiuated.  After  deposition,  cross  sections 
of  the  elect rodeposited  material  are  taken 
from  critical  locations  and  examined.  Of- 
ten, an  important  objective  in  the  evalua- 
tion is  minimization  or  postponement  of  the 
growth  of  nodules  on  the  electroformed 
part.  Nodules  not  only  waste  material  but 
also  result  in  waste  of  time  in  that  the  elec- 
troforming process  must  sometimes  be  in- 
terrupted while  nodules  are  ground  off. 

Previously,  shields  for  a  part  to  be  elec- 
troformed were  evaluated  on  a  complete 
three-dimensional,  fully  machined  model 
of  the  part.  The  new  method  not  only  elimi- 
nates the  expense  of  constructing  a  full 
three-dimensional  model  but  also  makes  it 
possible  to  perform  the  evaluation  almost 
immediately. 

A  sheet  of  copper  is  bent  to  the  outline  of 
the  part  as  it  appears  in  a  plane  containing 
the  axis  of  symmetry.  The  sheet  is  fitted 
with  typical  side  shields  and  masked  as  re- 
quired. It  is  then  plated  with  nickel,  for  ex- 
ample, for  the  time  required  to  build  the 
thickness  of  the  actual  part  (in  some  cases, 
more  than  170  hours).  The  specimen  is 
then  sectioned,  and  the  rates  of  deposition 
are  determined. 

At  selected  intervals  during  plating,  the 
nickel  can  be  interrupted  with  thin  marker 
deposits  of  another  metal  —  typically,  cop- 
per. The  thin  deposits  are  visible  as  lines  in 
the  cross  section  and  help  in  the  evaluation 
of  the  deposition  process. 

This  work  was  done  by  Ronnald 
Bodemeijer  and  Steven  Filkin  of  Rockwell 
International  Corp.  for  Marshall  Space 
Flight  Center.  No  further  documentation 
is  available. 
MFS-29505/TN 


ORIGINAL  CONTOUR  AFTER 

105  HOURS  OF  ELECTROFORMING, 

SHOWING  SOME  NODULES 


MODIFIED  CONTOUR  AFTER  172  HOURS  OF 

ELECTROFORMING,  SHOWING  MINIMAL 

GROWTH  OF  NODULES 

An  Electroformed  Specimen  of  nickel  on  a 
bent-sheet  approximation  of  a  three-di- 
mensional axisymmetric  part  helps  devel- 
opers evaluate  the  conditions  in  the 
plating  process  as  well  as  the  configura- 
tion of  the  electroforming  shields. 
Changes,  if  necessary,  can  then  be  made 
quickly. 


ORIGINAL  CONTOUR  AFTER  171  HOURS  OF 

ELECTROFORMING,  SHOWING  FURTHER 

GROWTH  OF  NODULES 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Calibration  Fixture  for  Welding  Robot 

This  compact,  lightweight  device  can  be  used  in  any  position  or  orientation. 


A  calibration  fixture  has  been  designed 
for  use  on  a  robotic  gas/tungsten-arc 
welding  torch  equipped  with  a  vision-based 
seam-tracking  system.  Through  optics  in 
the  hollow  torch  cylinder,  a  video  camera 
obtains  an  image  of  the  weld,  viewing 
along  a  line  of  sight  coaxial  with  the 
welding  electrode.  The  calibration  fixture  is 
needed  because  each  time  the  welding 
configuration  is  changed  and  a  different 
type  of  seam  is  to  be  tracked,  the  vision 
system  must  be  recalibrated. 

The  calibration  procedure  involves  find- 
ing the  location  of  the  electrode  in  the  im- 
age, determining  the  magnification  of  the 
image,  and  refocusing  the  optics  to  the  ap- 
propriate distance.  The  calibration  fixture 
is  a  compact,  lightweight  device  that  can 
be  used  to  perform  calibration  while  the 
torch  is  in  any  position  or  orientation.  It  ac- 
commodates a  standard  focusing  range 
from  1/8  in.  (3  mm)  below  to  3/4  in.  (19  mm) 
above  the  outer  end  of  the  electrode  and  is 
adaptable  to  nonstandard  cup  sizes  and 
electrode  lengths. 

The  calibration  fixture  (see  figure)  in- 
cludes inner  and  outer  collars  and  an  ex- 
tension tube.  A  plastic  retaining  clip  holds  a 
ground-glass  disk  and  a  glass  reticle  with  a 
1  -mm  grid  in  position  in  the  extension  tube. 
The  extension  tube  snaps  into  the  outer 
collar  with  ball  plungers  so  that  it  can  rotate 
in  the  outer  collar.  The  ground  glass  and 
reticle  are  illuminated  from  below  by  a 
fiber-optic  light  guide  from  a  150-W  vari- 
able-intensity halogen-lamp  microscope  il- 
luminator. A  setscrew  holds  the  light  guide 
in  the  lower  end  of  the  extension  tube. 

Before  using  the  calibration  fixture,  the 
gas  cup  must  be  removed  from  the  torch 
cylinder.  Then,  in  place  of  the  gas  cup,  the 
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fixture  is  attached  to  the  torch  cylinder 
by  the  threaded  inner  surface  of  the  inner 
collar.  The  welding  electrode  protrudes 
through  coaxial  holes  in  the  reticle  and 
ground  glass.  A  rectangular  hole  in  the  side 
of  the  extension  tube  exposes  the  elec- 
trode so  that  the  location  of  the  end  of  the 
electrode  can  be  measured  with  respect  to 
the  reticle.  This  hole  also  enables  the 
technician  to  rotate  the  reticle  by  pushing 
on  its  edge. 

With  the  inner  and  outer  collars  thread- 
ed together,  the  outer  collar  is  turned  to  ad- 
just the  distance  between  the  reticle  and 
the  tip  of  the  electrode.  An  exceptionally 
long  electrode  may  require  the  use  of  a 
longer  extension  tube  with  standard  inner 
and  outer  collars. 

This  work  was  done  by  Krisztina  J. 
Holly  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29548/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


The  Calibration  Fixture  is  attached  to  the 
welding-torch  cylinder  in  place  of  the  gas 
cup  that  would  normally  be  attached  in  use. 
By  use  of  a  longer  or  shorter  extension 
tube,  the  fixture  can  accommodate  a 
welding  electrode  of  unusual  length. 


FOR  ADDITIONAL  INFORMATION:  Contact.  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airpon,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Quick  Check  of  Butt-Weld  Alignment 

An  optical  instrument  would  show  whether  plates  are  aligned  or  offset. 


A  proposed  tool  would  measure  the  align- 
ments of  plates  before  they  are  butt-weld- 
ed. It  would  provide  a  nearly  instantaneous 
check  on  alignment,  thereby  facilitating  re- 
petitive measurements  along  the  length  of 
the  weld  joint.  It  would  also  reduce  the  risk 
of  contamination  of  the  weld  from  dirty 
measuring  tools. 

A  pair  of  brackets  containing  optical  fibers 
would  be  clamped  or  rested  on  the  plates  on 


both  sides  of  the  joint  (see  figure).  Light 
would  be  fed  into  the  fiber  in  the  transmitter 
bracket.  If  the  plates  were  perfectly  aligned, 
the  light  from  the  transmitter  fiber  would 
enter  the  middle  fiber  in  the  receiver 
bracket  and  travel  to  the  middle  photode- 
tector,  which  would  put  out  a  signal  indica- 
tive of  alignment. 

If  the  plates  were  poorly  aligned,  light 
from  the  transmitting  fiber  would  enter  an 


upper  or  lower  receiving  fiber  and  would 
impinge  on  the  corresponding  upper  or  low- 
er photodetector.  In  this  case,  a  signal  in 
the  output  of  the  upper  or  lower  photode- 
tector would  indicate  misalignment. 

This  work  was  done  by  Matthew  A.  Smith 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center   No  further 
documentation  is  available. 
MFS-29423/TN 


Transmitting 

Optical 

Fiber 


Brackets 


Receiving 

Optical 

Fibers 


V///////////////////////////7A  V/////;/////////////////////77\ 


Abutting 

Plates 

Aligned 


o 


V//////////////////////////7A 


■a 
-d 

-Q 


Photodetectors 


V///////////////////////////ZA 


Abutting 

Plates 

Misaligned 

The  Middle  Photodetector  Would  Indicate  Acceptable  Alignment  when  the  position  of  the  transmitter  fiber  precisely  matched  that  of  cen- 
ter receiver  fiber.  If  the  plates  were  offset,  other  photodetectors  would  signal  misalignment. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 
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U.S.  Army  Fact  Sheet 


Additions  of  Titanium  to  Aluminum-Lithium  Alloys 


Aluminum-lithium  alloys  have  recognized  potential  for  use  in 
aerospace  structures  because  of  their  combination  of  strength  and 
density.  The  alloy  is  strengthened  by  precipitation  of  the  metasta- 
ble  5  '(AI3U)  phase  upon  aging  after  solution  treating  In  a  study 
conducted  at  the  U.S.  Army  Materials  Technology  Laboratory, 
Cappucci  hypothesized  that  improvements  could  be  made  to  the 
mechanical  properties  of  Al-3Li  by  adding  small  quantities  of 
titanium  to  produce  less-shearable  precipitates,  cause  slip  to  be 
dispersed,  and  increase  toughness. 


Table  1.    Results  of  Tensile  and  Fracture  Toughness  Tests 
After  Aging  to  Peak  Strength 
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(a)    Fracture  toughness  test  did  not  satisfy  all  validity  requiren 


Al-3Li,  Al-3Li-0.2Ti,  and  Al-3Li-0.8Ti  (weight  percent)  alloys 
were  prepared  and  subjected  to  solution  treating  and  precipitation 
hardening  treatments.  Microstructural  characterization  revealed 
that  a  ternary  Al3(Li,Ti)  phase,  designated  a ',  formed  as  a  coherent 
ordered  precipitate  having  high  matrix  coherency  strain  upon  solu- 
tion treatment  at  500  C  for  24  hours.  Upon  aging  at  190  C,  6  'pre- 
cipitated both  homogeneously  in  the  matrix  and  heterogeneously 
at  the  a  '/matrix  interface,  forming  a  composite  precipitate  consist- 
ing of  an  q'  core  surrounded  by  6'.  The  value  of  x  in  the 
Al3( Lix,Tii _x)   phase  was  found  to  be  approximately  0.4   to  06 

Tensile,  hardness,  and  fracture  toughness  tests  were  conducted 
for  four  different  conditions  of  each  alloy  -  solution  treated,  under 
aged,  peak  aged,  and  over  aged.    The  results  are  given  in  Table  1 


only  for  the  peak  aged  condition.  Although  the  titanium  addi- 
tions produced  higher  strength  and  hardness  values,  they  did  so  at 
the  expense  of  tensile  ductility  and,  perhaps,  of  fracture  tough- 
ness. The  author  concluded  that  the  Al-3Li-0.2Ti  alloy  exhibited 
the  best  combination  of  strength  and  toughness.  However,  addi- 
tional fracture  toughness  data  are  needed  to  verify  that  conclusion. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  AD-A213144NAC 

Price  code:  A06 
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Modeling  of  Composite  Material  Thick  Section  Processing 
Developed 


Composite  materials  for  ship 
design  are  rapidly  becoming  a 
promising  viable  alternative  to  the 
more  traditional  metallic  systems. 
Two  areas  that  require  enhanced 
understanding  are  how  to  process 
and  cure  thermoset  composite 
materials  and  the  determination  of 
the  resulting  mechanical  properties 
for  section  thicknesses  greater  than 
one  inch.  An  analytical  model  is 
being  developed  at  the  David 
Taylor  Research  Center  (DTRC), 
Annapolis,  Maryland,  that 
describes  the  process  of  filament 
winding  thermoset  composite 
systems  and  can  be  used  for 
determining  the  process  param- 
eters such  as  winding  speed, 
winding  tension,  and  temperature 
that  should  be  used  for  specific 
composite  systems.  Through 
appropriate  variation  of  these 
parameters,  the  finished  structure's 
characteristics  such  as  the  residual 
stresses,  void  volume,  and 
completeness  of  cure  can  be 
optimized  and  controlled. 

The  model  consists  of  four 
submodels:  the  thermochemical 
submodel,  the  fiber  motion 
submodel,  the  stress  submodel,  and 
the  void  submodel.     To  date,  the 


thermomechanical  and  stress 
submodels  have  been  analytically 
validated  for  filament  wound 
section  thickness  of  0.5  to  1.5 
inches.  Results  from  thin  sections 
are  consistent  with  the  thin  section 
model  that  is  currently  in  use 
throughout  the  composite 
industrial  community.  Experi- 
mental validation  of  the 
temperature  profiles  and  stresses  in 
the  hoop  and  axial  direction  of  the 
thick  section  (>1  inch)  filament 
wound  graphite/epoxy  cylinders 
during  winding  and  cure  has  been 
performed.  The  results  are  being 
analyzed  for  correlation  of 
temperature,  degree  of  cure, 
viscosity,  fiber  position  and  tension, 
porosity,  and  stresses/strains 
obtained  by  the  various  submodels. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140902/TN 


» 


655 


'X'ECHLINE 

M       Engineering  Properties  and  Design  Criteria 


Effects  on  Wood  Strength 
of  Redrying  and  Waterborne 
Preservative  Treatment 

Waterborne  preservative  treatment  of  wood  produces  a 
clean,  odor-free,  paintable/stainable  product.  Yet,  wa- 
terborne preservatives  can  reduce  wood  strength.  The 
extent  of  this  effect  depends  on  several  key  factors, 
such  as  preservative  chemical,  redrying  temperature, 
species/grade/size,  and  incising.  Researchers  at  the  For- 
est Products  Laboratory  are  studying  how  each  of  these 
factors  affect  lumber  properties. 

The  relative  impact  of  a  waterborne  preservative  relates 
directly  to  its  chemistry  and  the  severity  of  its  fixa- 
tion/precipitation reaction.  Studies  have  shown  that  am- 
moniacal  copper  arsenate  (ACA)  and  ammoniacal  copper 
zinc  arsenate  (ACZA)  affect  strength  less  than  chromated 
copper  arsenate  (CCA).  The  impact  of  various  CCA  for- 
mulations appears  to  be  related  to  chromium  content. 

All  terrestrial  retention  levels  appear  to  have  similar  ef- 
fects on  strength  when  redried  at  comparable  tempera- 
tures. However,  the  higher  retentions  required  for  ma- 
rine use  (2.50  lb/ft3)  do  significantly  reduce  bending  and 
impact  strength  and  reduce  compression  strength  when 
redried  at  140°F. 


Waterborne  preservatives  permit  new  wood  uses, 
such  as  this  wood  foundation,  but  can  also  reduce 
strength  properties.   (Photo  courtesy  of  Southern 
Forest  Products  Association) 


Redrying  temperature  appears  to  be  the  most  decisive 
single  processing  factor  affecting  strength.  The  higher 
the  redrying  temperature,  the  greater  is  the  negative  ef- 
fect on  mechanical  properties.  Air  drying  after  treatment 
appears  to  have  little  practical  effect  on  strength. 

It  appears  that  no  differential  species  effect  exists.  Gen- 
erally, higher  grades  are  reduced  in  strength  more  than 
lower  grades;  smaller  sizes  more  than  larger  sizes. 

Incising  is  used  with  difficult-to-treat  species  to  improve 
preservative  penetration  and  distribution.  Incising  re- 
duces strength.  However,  this  strength  loss  is  more  than 
offset  by  the  improved  performance  of  the  incised  treated 
product.  The  technical  literature  supports  a  10  to  20 
percent  reduction  in  allowable  design  stresses  for  2-inch- 
thick  lumber  and  a  0  to  10  percent  reduction  for  thicker 
material. 

For  additional  information,  contact: 

Jerrold  E.  Winandy,  Research  Wood  Scientist 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9262 
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Engineering  Properties  and  Design  Criteria 


Engineered  Structural 
Composites 

Although  wood  has  supplied  many  basic  human  needs 
for  thousands  of  years,  this  essential  and  renewable  re- 
source is  not  limitless,  especially  where  construction- 
quality  lumber  is  concerned.  Building  material  manufac- 
turers are  already  experiencing  a  shortage  of  the  large, 
high-quality  logs  needed  for  sawn  lumber  and  plywood. 

One  solution  to  this  supply  problem  lies  with  the  devel- 
opment of  materials  known  as  "reconstituted  wood"  or 
"wood  composites."  In  producing  such  materials,  logs 
are  first  broken  down  to  thin  veneers,  flakes,  particles, 
or  fibers  and  then  reassembled  (usually  via  gluing)  into 
structural  products.  The  breakdown,  reconstitution,  and 
final  manufacturing  are  aimed  at  producing  composites 


X5 


I-beams  from  reconstituted  products.   The  two  experi- 
mental products  (on  the  left)  have  a  hardboard  web 
and  a  Hakeboard  web.    The  sample  on  the  right  is  a 
commercially  available  product  with  a  plywood  web. 


with  engineering  properties  that  will  meet  specific  end- 
use  requirements.  Thus,  high-quality  products  such  as 
composite  I-beams  and  oriented  strand  board  can  be 
manufactured  from  a  resource  that  includes  low-quality 
trees. 

Composite  I-beams  are  a  fast  growing  sector  of  the  wood 
products  industry,  with  at  least  15  manufacturers  pro- 
ducing material  that  is  available  nationwide.  These  prod- 
ucts are  used  extensively  in  floor  and  roof  systems  of  both 
residential  and  commercial  buildings. 

Continuing  research  at  the  Forest  Products  Laboratory  is 
aimed  at  developing  improved  processes  for  reconstituted 
wood  and  structural  products  and  defining  the  engineer- 
ing properties  as  a  function  of  the  resource,  manufactur- 
ing process,  and  end-use  requirements. 

For  additional  information,  contact: 

Russell  C.  Moody,  Research  General  Engineer 

Forest  Products  Laboratory 

One  GifTord  Pinchot  Drive 

Madison,  WI  53705-2398 

(608)  231-9227 
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Steam  Injection  Pressing 

Researchers  at  the  Forest  Products  Laboratory  have  de- 
veloped a  new  process  that  dramatically  reduces  the 
resin-curing  time  needed  in  manufacturing  wood  compos- 
ite products.  The  45  minutes  needed  to  conventionally 
press  a  2-inch-thick  flakeboard  is  reduced  to  less  than  5 
minutes  with  steam  injection.  The  process  works  by  in- 
jecting saturated  steam  into  a  wood  composite  mat  dur- 
ing pressing.  In  addition  to  saving  time,  steam  injection 
pressing  makes  the  production  of  thick  boards  possible. 

The  process  begins  when  resin-coated  particles  are 
formed  into  a  mat  and  loaded  into  a  press.  As  the  board 
is  compacted,  a  burst  of  saturated  steam  is  injected  into  it 
through  perforated  platens.  Within  several  seconds,  the 
temperature  in  the  board's  center  rises  to  between  280° 
and  315°F.  This  high  temperature  accelerates  the  curing 
of  the  resin.  The  relationships  between  time  and  press 
conditions  are  critical,  so  the  process  must  be  controlled 


by  a  computer.  Process  modification  allows  production  of 
particleboard  and  fiberboard,  in  addition  to  flakeboard. 

This  technology  lias  been  applied  commercially  and  has 
even  created  panels  more  than  3  inches  thick  using  large 
presses.  The  availability  of  these  thick  panels  fabricated 
with  specific  properties  offers  architects,  engineers,  and 
product  designers  new  opportunities.  Possible  applica- 
tions range  from  large  structural  members  to  furniture 
parts  turned  on  a  lath. 

For  additional  information,  contact: 
Robert  Geimer 
Research  Technologist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  WI  53705-2398 
(608)231-9395 
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Steam  Injection  Pressing 


Saturated  steam  is  injected  into  the  mat  through  top 
and  bottom  perforated  platens  during  press  closure. 


United  States  Forest  State  and 

Department  of  Agriculture  Service  Private  Forestry 


Forest  Products 
Laboratory 


65E 


rpECHLINE 

U       Structural  Fiber  and  Particle  Products 


i 


Wood-Nonwood  Composites 

Combining  wood  with  other  materials  to  form  new  wood- 
nonwood  composites  is  a  very  active  research  field.  Re- 
searchers are  investigating  the  properties  of  composites 
made  by  combining  various  species  of  wood,  including 
aspen,  with  other  biomass  materials,  metals,  plastics, 
glass,  and  synthetic  fibers.  These  new  composites  could 
be  marketed  as  low-cost  substitutes  for  more  costly  ma- 
terials or  in  applications  requiring  specific  performance 
attributes.  These  attributes  can  be  superior  to  those  of 
either  the  wood  or  nonwood  component  alone. 

Wood-nonwood  combinations  have  many  advantages. 
The  low  density  of  lignocellulosics  (relative  to  min- 
eral fillers)  provides  greater  volumetric  effectiveness. 
Combining  wood,  agricultural  residues,  or  chemically 
modified  lignocellulosics  with  plastic  provides  lighter 
weight  products  with  potential  for  controlled  biode- 
gradeability  and  improved  acoustical,  impact,  and  heat- 
reformability  properties.  These  features  are  possible 
at  costs  potentially  lower  than  comparable  plastics-only 
products,  making  them  competitive  for  many  applica- 
tions. Lower-cost,  recycled  resins  would  make  them  even 
more  competitive. 

The  composites'  potential  for  improved  properties  also 
creates  a  market  for  a  variety  of  value-added  products. 
The  wood  component  can  be  made  from  low-grade  wood, 
wood  residues,  and  recycled  newspaper,  which  currently 
have  limited  commercial  uses.  The  plastic  component 
can  come  from  recycled  material,  reducing  a  critical 
waste  disposal  problem. 

Many  wood-based  products  have  been  or  could  be  dis- 
placed by  new  materials  such  as  plastics,  metals,  cement 
products,  and  ceramics.  The  high  efficiency  achieved 
by  many  nonwood  industries  depends  on  improved  pro- 
cess systems  and  the  amenability  of  metals  and  plas- 
tics to  high-speed  automated  machines.  Some  of  these 
same  high-speed  processing  concepts  can  effectively  uti- 
lize wood  in  one  form  or  another  and  are  very  amenable  to 
high-speed  processing.  The  Forest  Products  Laboratory 
is  actively  investigating  two  of  these  processing  concepts. 

One  processing  option  for  wood-plastic  combinations  is 
extrusion  or  injection  molding  technology.  Thermoplas- 
tic resins  are  thoroughly  mixed  with  finely  ground  wood 
fibers  or  flour,  then  forced  through  a  die  to  form  a  sheet 
product.  The  sheet  can  be  processed  in  a  secondary 
manufacturing  operation  into  a  number  of  molded,  cor- 
rugated, or  shaped  sections.  This  technology  requires  an 
optimum  component  mix  before  product  formation. 


Another  processing  option  involves  blending  a  high  per- 
centage of  natural  fibers  with  synthetic  thermoplastic  or 
thermosetting  fibers  to  form  a  nonwoven  mat.  The  mat 
can  be  handled  in  roll  form,  permitting  automated  han- 
dling and  processing  in  subsequent  operations.  The  mat 
composition  can  be  varied  to  produce  products  with  spe- 
cific desired  characteristics.  After  forming,  the  mat  can 
be  fabricated  into  panel  products  or  deep-drawn  molded 
configurations. 


Wood-nonwood  composites  can  turn  recycled  paper,  plastic,  * 
and  wood  residue  into  useful  products  through  automated,  I 
high-speed  processing  systems. 

The  increased  processing  flexibility  inherent  in  both  the 
extrusion  and  nonwoven  technologies  creates  a  host  of 
"new"  natural  fiber/synthetic  fiber  products.  Their 
thickness  can  range  from  a  material  as  thin  as  3  mm 
to  structural  panels  several  centimeters  thick.  The  many 
possible  configurations  fall  into  three  major  classes:  pack- 
aging products,  manufactured  products,  and  corrugated 
or  sandwich-type  configurations  for  floor,  wall,  and/or 
roof  components.  A  broad  range  of  cost-effective,  value- 
added  products  could  be  produced  for  each  of  these  ap- 
plications using  different  combinations  of  raw  materials 
to  produce  unique  performance  properties. 

For  more  information,  contact: 
John  A,  Youngquist,  Project  Leader 

and  Research  Engineer 
George  Myers,  Research  Chemist 
Roger  Rowell,  Team  Leader  and  Research  Chemist 
Forest  Products  Laboratory 
One  Gifford  Pinchot  Drive 
Madison,  Wl  53705-2398 
(608)231-9200 
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Lightweight,  Thermally  Conductive  Composite  Material 

Aluminum  reinforced  with  carbon  fibers  is  superior  to  copper  in  some  respects. 


A  lightweight  composite  material  has 
high  thermal  conductivity.  The  material  con- 
sists of  an  aluminum  matrix  containing 
graphite  fibers,  all  oriented  in  the  same  di- 
rection. It  is  available  as  sheets,  tubes,  and 
bars.  Its  thermal  conductivity  is  highest 
along  the  fibers.  The  conductivity  across 
the  fibers  is  about  two-thirds  that  of  the  alu- 
minum matrix. 

At  temperatures  from  -20  to  +140°C, 
the  thermal  conductivity  of  the  material 
along  the  fibers  is  greater  than  that  of  cop- 
per (see  figure).  Per  unit  weight,  the  ma- 
terial is  approximately  4  times  as  conduc- 
tive as  pure  copper,  twice  as  conductive  as 
pure  aluminum,  and  2.6  times  as  conduc- 
tive as  6061  structural  aluminum  alloy. 

The  graphite/aluminum  composite  will 
most  likely  be  useful  in  a  variety  of  heat- 
transfer  applications  in  which  the  reduc- 
tion of  weight  is  critical.  For  example,  it  can 
be  used  to  conduct  heat  in  high-density, 
high-speed  integrated-circuit  packages  for 
computers  and  in  base  plates  for  elec- 
tronic equipment.  It  can  also  be  used  to 
carry  heat  away  from  the  leading  edges  of 
wings  in  high-speed  airplanes. 
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The  Thermal  Conductivity  of  the  Composite  along  the  fibers  rises  above  that  of  pure  copper 
over  a  substantial  range  of  temperatures. 

This  work  was  done  by  G.  Richard  Sharp 
of  Lewis  Research  Center  and  Timothy  A. 
Loftin  of  DWA  Composite  Specialties,  Inc. 
LEW-14814/TN 
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Tribological  Properties  of 
Ceramics 

Properties  of  materials  for 
advanced  engines  and 
machine  tools  are  examined. 

A  report  reviews  the  adhesion,  friction, 
and  micromechanical  properties  of  ce- 
ramics —  properties  that  are  becoming  in- 
creasingly important  as  more  ceramic  ma- 
terials are  used  in  bearings,  seals,  and 
gears  in  advanced  engines  and  in  cutting 
tools  and  extrusion  dies.  The  report  consid- 
ers the  effects  of  contaminating  surface 
films,  temperature,  and  chemical  interac- 
tions. 

The  report  examines  ceramics,  in  both 
monolithic  and  coating  form,  in  contact 
with  themselves,  with  other  harder  materi- 
als, and  with  metals.  It  first  discusses  the 
pulloff  force  (adhesion)  and  the  shear  force 
between  surfaces  in  contact.  It  then  pro- 
ceeds to  abrasion  of  ceramics. 


Surface  films  are  found  to  affect  the 
tribological  behavior  of  ceramics.  For  ex- 
ample, carbon  adsorbed  on  a  silicon  car- 
bide surface  decreases  interracial  bond 
strength  and  friction.  Heating  silicon  car- 
bide to  high  temperature  can  cause  a  thin 
layer  of  graphite  to  form  on  the  surface, 
with  a  consequent  reduction  of  adhesion 
and  friction.  In  contrast,  oxygen  on  metals 
in  sliding  contact  with  oxide  ceramics  in- 
creases both  adhesion  and  friction. 

In  metal-to-ceramic  contacts,  the  sur- 
face chemistry  becomes  extremely  impor- 
tant. In  transition  metals,  the  higher  the 
fraction  of  d-valence  bonds,  the  lower  the 
coefficient  of  friction. 

Ceramics,  like  metals,  deform  elastical- 


ly  and  plastically  at  surface  points  of  con- 
tact under  load.  Unlike  metals,  ceramics 
can  fracture  when  the  contact  stresses  ex- 
ceed critical  values. 

This  work  was  done  by  Kazuhisha 
Miyoshi  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 

TM- 100782  [N 88- 17801],  Price  Code: 
A03  "Adhesion,  Friction,  and  Micro- 
mechanical  Properties  of  Ceramics." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14833/TN 
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YBa2Cu3Ox  Superconductors  Doped  With  AgO 

Magnetic  properties  are  unlike  those  of  any  other  superconductor. 


Improved  superconductive  materials 
have  been  made  by  doping  the  compressed 
powder  destined  to  become  YBa2Cu3Ox 
superconductors  with  AgO  prior  to  heat 
treatment.  While  the  new  materials  have 
critical  temperatures  near  those  of  other 
YBa2Cu3Ox  superconductors,  they  have 
magnetic  properties  unlike  those  of  any 
previous  high-temperature  superconduc- 
tors. 

It  had  been  hypothesized  that  during  the 
heat  treatment  of  the  powder  in  oxygen  to 
form  the  superconductor,  the  AgO  would 
decompose.  The  oxygen  thus  freed  would 
assist  in  preventing  the  grains  of  YBa2Cu30x 
from  becoming  deficient  in  oxygen.  The  sil- 


ver thus  freed  might  coat  the  many  inter- 
grain  surfaces  and  fill  the  intergrain  voids, 
both  of  which  make  poor  superconducting 
contacts  that  limit  critical  currents  and  de- 
grade performance.  As  a  result,  the  inter- 
grain resistances  in  the  normally  conduct- 
ing state  should  be  less,  and  the  critical 
current  densities  should  be  increased. 

The  properties  of  the  new  materials 
observed  thus  far  support  the  hypothesis. 
A  specimen  was  found  to  be  suspendable 
below  as  well  as  above  magnets,  and  the 
suspension  proved  to  be  stable  as  long  as 
the  material  remains  superconductive. 
These  magnetic  properties  suggest  the  ex- 
istence of  very  high  currents  that  shield 


against  magnetic  fields  as  high  as  20  T.  Cir- 
cuits of  great  length  still  show  limited 
critical  currents,  but  this  is  believed  to  be 
because  of  short  portions  that  have  low 
critical  currents.  If  these  "weak  links" 
could  be  eliminated,  long  circuits  that  have 
high  critical  currents  should  be  possible. 

This  work  was  done  by  Palmer  N. 
Peters  and  Maw-Kuen  Wu  of  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-26078/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mall  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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New  Apparatus  For  Studying  Metals 


Over  the  past  20  years  the  steel  industry  has  developed  thermo-mechanically  processed  (TMP),  high-strength, 
low-alloy  steel  plates  which  are  strong,  tough,  and  easily  welded.  Production  of  TMP  plates,  however,  re- 
quires careful  control  over  each  step.  To  assist  the  steel  industry,  NIST  scientists  have  devised  a  laboratory- 
scale,  hot-deformation  apparatus  to  simulate  the  thermal  and  mechanical  treatments  metal  receives  during  a 
rolling  or  forging  operation.  The  apparatus  has  advantages  of  economy,  versatility,  and  reproducibility.  It  has 
been  used  successfully  to  perform  the  direct-quenching  simulation  of  the  ASTM  A710  plate  steel  and  forging 
simulation  of  the  directly  cooled  microalloyed  AISI  1522  and  1 141  steels. 

FOR  ADDITIONAL  INFORMATION:  More  information  is  contained  in  Development  of  a  Computer- 
Controlled  Hot-Deformation  Apparatus  at  NIST  (NISTIR  89-3925).  Order  from  the  National  Technical 
Information  Service,  Springfield,  Va.  22161;  (703)487-4600.  Order  by  PB90-149964/NAC  for  $23  (A06) 
prepaid  or  $8  for  microfiche. 

NTIS  order  number:  PB90-149964/NAC 

Price  code:  A06 
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Navy  Studies  Fibronectin  for  Periodontal  Disease 


Researchers  at  the  Naval 
Dental  Research  Institute,  Great 
Lakes,  Illinois,  conducted  a  study  to 
examine  the  influence  of  various 
surface  treatments  on  promoting  or 
hindering  fibronectin  (FN) 
adherence  to  tooth  roots.  FN  is  a 
promising  agent  in  periodontal 
disease  therapy  that  aids  in 
reattaching  connective  tissue  to 
human  tooth-root  surfaces. 

In  the  study,  rectangular 
sections  of  planed  and  nonplaned 
tooth-root  surfaces  were  acid- 
demineralized  or  incubated  with 
collagenase.  Tooth-root  sections 
were  then  treated  with  tritiated  FN 
and  its  adherence  was  determined 
by  liquid  scintillation  counting. 

The  results  of  the  study 
indicated  the  level  of  FN  adherence 


was  highest  for  nonplaned,  acid- 
demineralized  sections  and  lowest 
for  planed-only  sections. 
Collagenase  significantly  reduced 
FN  adherence  to  nonplaned  or 
planed  acid-demineralized  sections, 
but  not  to  planed-only  sections. 
These  effects  were  attributed  to 
tooth-root  collagen,  which  can 
strongly  bind  FN. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140904/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

PC  Database  To  Calculate  Stopping  Powers  Available 


Medical  and  hcallh  physicists,  laboratory  researchers,  and  industrial  users  of  high-energy  radiation  equip- 
ment will  benefit  from  a  new  personal  computer  (PC)  version  of  an  important  database  developed  by  NIST 
that  provides  calculations  of  the  stopping  powers  and  ranges  of  various  materials  for  electrons  and  posi- 
trons. NIST  Standard  Reference  Database  7A,  Electron  and  Positron  Stopping  Powers  and  Ranges,  de- 
veloped from  a  database  that  is  available  for  lease  on  magnetic  tape,  gives  these  quantities  for  any  material 
that  can  be  described  by  chemical  formula  using  standard  symbols.  It  also  provides  for  rapid  calculations 
on  the  collision,  radiative,  and  total  stopping  powers  of  materials,  their  continuous-slowing-down  approx- 
imation (CSDA)  ranges,  and  the  radiation  yields  for  electrons  or  positrons  with  kinetic  energies  from  1 
kilo-electron-volt  (keV)  to  10  giga-electron-volt  (GeV).  The  interactive  program  allows  users  to  specify 
any  list  of  energies,  the  incident  particle,  either  electron  or  positron,  and  the  density  of  the  target  material. 

FOR  ADDITIONAL  INFORMATION:  The  PC  database  is  a-ailable  for  $360  from  the  Office  of  Standard 
Reference  Data  Programs,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md.  20899;  telephone:  301/975-2208. 
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Clearinghouse  for  Comparative  Pathology 


["he  Registry  of  Comparative 
Pathology;  housed  since  its 
inception  in  1965  at  the  Armed 
Forces  Institute  of  Pathology  on 

the  campus  of  the  Walter  Reed 
Army  Medical  Center  in  Wash- 
ington, D.C.,  is  a  national 
resource  that  facilitates  educa- 
tion and  research  involving 
spontaneous  and  experimen- 
tally induced  animal  diseases, 
especially  as  they  may  serve  as 
models  of  their  human  counter- 
parts. 

The  objectives  of  the  Registry 
are  achieved  by  the  regular  pro- 
duction of  publications  dealing 
with  animal  diseases,  organiza- 
tion and  implementation  of 
national  symposia  and  courses, 
development  and  display  of  sci- 
entific exhibits  at  national  meet- 
ings, maintenance  of  an  archival 
registry  of  accessioned  cases  of 
animal  diseases,  and  a  diagnos- 
tic consultative  service  for  speci- 
mens from  diseased  animals 
submitted  by  pathologists  and 
investigators  at  veterinary  and 
medical  schools,  governmental 
institutions,  zoos,  and  fish  and 
wildlife  laboratories. 

I  he  Registry  is  supported  by 
the  Animal  Resources  Program 
of  the  \1H  Division  of  Research 
Resources.  It  is  directed  by  Dr. 
George  Migaki,  a  veterinary 
pathologist  with  many  years  of 
experience  in  comparative  pa- 
thology and  animal  models  of 
human  diseases.  "A  major 
hnus  ol  the  Registry  is  the  dis- 
semination of  information  on 
the  main  models  of  animal  dis- 
eases that  are  available  to  the 
scientific  community.  In  addi- 
tion, it  serves  as  a  depository 
that  collects  and  catalogues 
interesting  animal  case  mate- 
rials from  diseased  domestic 
and  wild  animals  ol  all  species, 
including  aquatic  mammals," 
says  Dr.  Dante  G.  Scarpelli,  the 
Registry's  principal  investigator, 
who  is  professor  and  chairman 
ol  the  department  of  pathology 
at  Northwestern  University  in 
Chicago,  Illinois. 


The  Registry's  quarterly  pub- 
lication, the  Comparative  Pathol- 
ogy Bulletin,  and  its  collection  of 
reprints  in  the  Handbook:  Annual 
Models  of  Human  Diseases  contain 
descriptions  of  animal  models 
that  Registry  scientists  have 
identified  in  the  literature  as 
well  as  addresses  of  the  scien- 
tists who  produced  or  identified 
them.  In  addition,  descriptions 
of  new  models  are  published 
regularly  in  the  American  journal 
of  Pathology,  as  are  selected 
cases  of  animal  diseases,  which 
are  presented  as  monthly  diag- 
nostic exercises  in  the  journal 
Laboratory  Animal  Science.  The 
latter  brings  attention  to  the 
detection  and  recognition  of 
important  common  diseases  of 
laboratory  animals.  Production 
of'  the  Handbook:  Comparative 
Pathology  of  Atherosclerosis,  cur- 
rently being  written,  is  a  new 
undertaking. 

Other  educational  activities 
include  the  planning,  organiza- 
tion, and  implementation  of 
biennial     national     symposia, 


Dr.  George  Migaki  (left)  directs 
the  Registry  of  Comparative 
Pathology,  which  is  supported 
by  the  Animal  Resources 
Program  of  the  NIH  Division  of 
Research  Resources. 


held  at  the  NIH,  that  deal  with 
rapidly  changing  areas  of  com- 
parative pathology.  These  in- 
clude topics  such  as  Annual 
Models  of  Inherited  Metabolic 
Diseases,"  "Comparative  Pa- 
thology of  Major  Age-Related 
Diseases,"  "Nutritional  Dis- 
eases: Research  Directions  in 
Comparative  Pathobiology 
and  most  recently,  "Transpla- 
cental Effects  on  fetal  Health." 
All  have  been  published  as 
monographs.  Each  year  a  con- 
tinuing education  course  Re- 
cent Advances  in  Comparative 
Pathology"  is  organized  and 
sponsored  by  the  Registry. 

Every  year  the  Registry  re- 
ceives diseased  tissues  from  a 
large  variety  of  domestic  emd 
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wild  animal  species.  In  its  com- 
puter files  the  Registry  stores 
data  on  more  than  12/400  ani- 
mal cases  tiled  by  animal  spe- 
cies, disease  process,  and  cause 
of  death.  Representative  tissue 
samples  and  prepared  micro- 
snipe  slides  are  permanently 
stored.  The  material  is  available 
In  scientists  for  research,  re- 
search training,  and  preparation 
for  teaching. 

[n  addition  to  conducting 
workshops  and  short  courses, 
registry  personnel  prepare  ex- 
hibits and  lend  study  sets  and 
syllabi.  A  listing  of  the  Regis- 
try's study  sets  is  available  in 
the  List  of  Education  Aids,  a  pub- 
lication of  the  Armed  Forces 
Institute  of  Pathology. 

Dr.  Scarpelli  estimates  that  in 
an  average  year  between  800 
and  1,000  cases  are  received  by 
the  Registry-  Scientists  at  the 
Registry  place  special  emphasis 
on  the  study  and  preservation 
of  specimens  from  animals  with 
a  wide  spectrum  of  spontan- 
eous diseases,  ranging  from 
inborn  errors  of  metabolism  to 
benign  and  malignant  tumors. 
Most  of  the  cases  on  file  at  the 
Registry  involve  animals  with 
spontaneous,  naturally  occur- 
ring diseases,  but  Registry  sci- 
entists are  beginning  to  list 
animals  with  diseases  that  are 
experimentally  produced  via 
genetic  engineering.  "We  don't 
do  the  actual  genetic  engineer- 
ing studies,  but  we  let  the  scien- 
tific world  know  about  them 
through  our  publications.  This 
is  very  exciting,"  says  Dr. 
Scarpelli. 

The  Registry  also  serves  as  a 
link  between  scientists  studying 
spontaneous  diseases  in  ani- 
mals and  medical  researchers 
interested  in  using  animal  mod- 
els to  study  human  diseases. 
For  example,  an  investigator 
doing  research  on  a  disease 
such  as  diabetes  mellitus  may 
wish  to  studv  certain  aspects  of 
this  condition  in  an  animal 
model.  The  Registry  has  details 
of  a  number  of  spontaneous 
models  in  different  species,  as 
well  as  the  contact  from  whom 
the  model  may  be  obtained. 
"Such  animal  models  are  avail- 
able because  when  they  ap- 
peared, they  were  detected  and 
someone  had  the  foresight  to 
breed  the  animals  and  salvage 


these  fortuitous  experiments  of 
nature  that  might  otherwise 
have  been  lost  to  the  scientific 
community,"  Dr.  Scarpelli  says. 
The  Registry  serves  an  impor- 
tant function  by  identifying  the 
model,  cataloging  it,  and  adver- 
tising its  availability  to  the  sci- 
entific community. 

Typically,  scientists  call  the 
Registry  to  request  information 
about  disease  models  in  specific 
animal  species  and  specific  in- 
formation about  diseases  in  ani- 
mals. Requests  for  information 
about  training  and  career 
opportunities  are  also  received. 
In  response  to  these  inquiries 
the  Registry  has  prepared  the 
publication  Education  Oppor- 
tunities in  Comparative  Pathology, 
U.S.  and  Foreign  Countries. 

Scientists  may  come  to  the 
Registry  to  study  case  material 
firsthand,  or  they  may  request 
that  data  on  specific  models  be 
sent  to  them.  A  Fellowship  for 
Advanced  Study  in  Compara- 
tive Pathology  is  available  to 
support  highly  qualified  inves- 
tigators who  are  engaged  in 
research  requiring  study  of 
cases  in  the  Registry  files.  Scien- 
tists at  the  Registry  also  serve  as 
consultants  to  other  patholo- 
gists. A  pathologist  who  wants 
consultation  may  submit  slides, 
tissue  embedded  in  paraffin,  or 
formalin-preserved  tissue. 

There  is  no  charge  to  use  the 
Registry  or  for  a  consultation. 

Maureen  Curran 


For  more  information  about  the 
Registry  of  Comparative  Pathol- 
ogy contact: 
Dr.  George  Migaki 
Chief  Pathologist 
Registry  of  Comparative 
Pathology 

Armed  Forces  Institute  of 
Pathology 

Washington,  D.C.  20306 
Telephone:  (202)  576-2432 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
(301)  984-2870 

Refer  to  Volume  XIV,  No.  4/TN 
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A    Technology  Application 


Sandia  National  Laboratory 


Theory  Explains  Acid  Rain  Formation  from  Kilauea  Volcano 


Acid  rain  is  known  to  result  naturally  when  molten 
lava  contacts  seawater.  Now  scientists  at  Sandia  Na- 
tional Laboratories,  working  with  the  U.S.  Geological 
Survey  (USGS),  have  generated  a  new  theory  of  how  this 
natural  acid  rain  forms. 

In  general,  the  chemical  mechanism  for  the  new 
theory  is  described  as  the  hydrolysis,  or  breakdown,  of 
water  by  magnesium  chloride  salts.  The  chloride  salts 
are  precipitated  from  seawater  when  it  is  flashed  to 
dryness  by  the  lava.  These  salts  then  react  with  dry 
steam  to  produce  hydrochloric  acid.  The  resulting  mix- 
ture of  acid  and  water  droplets  is  transported  into  the 
atmosphere  in  steam  plumes. 

Laboratory  analysis  of  samples  from  a  large  plume 
cloud  at  Kupapa'u  Point,  where  lava  from  the  Kilauea 
volcano  enters  the  Pacific,  supports  the  new  theory.  The 
results  run  counter  to  earlier  speculation  that  the  acid 
rain  originates  largely  by  degassing  of  the  lava. 

The  research  was  done  by  Terrence  M.  Gerlach  and 
James  L.  Krumhansl  of  Sandia's  Geochemistry  Division 
and  Robert  0.  Fournier  of  USGS.  Gerlach  has  since  left 
Sandia  to  join  the  USGS  Branch  of  Igneous  and 
Geothermal  Processes  in  Denver. 

Implications  for  health  issues 

The  work  has  important  implications  for  under- 
standing recently  recognized  health  issues  associated 
with  the  rain  in  Hawaii.  Continuous  eruptions  along  the 
east  rift  zone  of  Kilauea  since  July  1986  have  established 
a  lava  tube  system  that  allows  lava  to  reach  the  ocean. 
The  flows  result  in  spectacular  steam  explosions  and  a 
highly  acidic  plume  cloud. 

The  term  "vog"  has  been  coined'  for  volcanic  fog 
associated  with  Kilauea's  eruptions.  Respiratory  prob- 
lems and  environmental  damage  are  now  being  linked  to 
the  fog  by  physicians  and  naturalists. 

Although  a  type  of  acid  rain,  the  naturally  occurring 
volcanic  rains  differ  from  the  acid  rains  that  create 
pollution  problems  in  the  northeastern  United  States, 
eastern  Canada,  and  Europe.  These  are  a  result  of 
complex  chemical  reactions  associated  with  fossil-fuel 
power  generation,  auto  emissions,  and  industrial  pro- 
cesses. Harmful  ingredients  in  human-caused  acid  rains 
include  primarily  sulfuric  and  nitric  acids.  The  volcanic 
rains  involve  predominantly  hydrochloric  acid. 


Using  a  variety  of  analytical  techniques,  Gerlach 
and  Krumhansl  determined  the  chemical  constituents  of 
the  acid  rain  samples,  the  acidity  level  (pH),  and  the 
amount  of  salts  dissolved  in  a  known  weight  of  the 
sample. 

The  plume  samples  were  found  to  be  an  acidic  brine 
with  a  pH  of  1.75 — roughly  three  and  half  times  as  acidic 
as  concentrated  lemon  juice.  The  concentration  of  salts 
in  the  plume  were  two  and  a  half  times  higher  than  in 
seawater,  although  the  relative  proportions  of  the  sam- 
ple and  seawater  salts  were  similar.  The  concentrations 
of  several  minor  elements — aluminum,  iron,  manganese 
and  silicon — were  enriched  to  several  thousand  times 
their  normal  seawater  levels. 

After  validating  the  acidity  and  other  measure- 
ments, Gerlach  and  Krumhansl  began  looking  at  possi- 
ble models  of  the  mechanism.  An  idea  quickly  came  to 
them  based  on  other  work — as  the  Waste  Isolation  Pilot 
Plan  (WIPP),  near  Carlsbad,  New  Mexico.  Earlier  work 
at  the  repository  involved  heating  brine  in  boreholes  in 
the  rock  salt  of  the  Salado  Formation.  In  those  experi- 
ments, hydrochloric  acid  condensate  formed  readily 
from  steam  derived  at  temperatures  near  and  above  the 
boiling  point  of  the  brine. 

Observing  the  similarities  with  this  work,  Gerlach 
and  Krumhansl  proposed  that  the  chemical  composition 
of  the  rain  is  caused  by  shallow  boiling  and  evaporation 
of  seawater  as  lava  flows  into  the  ocean.  They  suggested 
that  seawater  in  contact  with  lava  is  flashed  to  dryness 
locally  and  the  resulting  chloride-rich  salts  react  with 
steam  to  produce  the  hydrochloric  acid.  In  turn,  violent 
steam  explosions  disrupt  the  massive  boiling  and  evap- 
oration process,  blasting  the  brine  and  acid  vapor  into  a 
plume  cloud. 

The  researchers  looked  at  numerous  possible  reac- 
tions in  the  flash-dried  seawater.  They  determined  that 
the  hydrolysis  of  magnesium  chloride — rather  than  so- 
dium chloride  or  other  salts — was  chiefly  responsible  for 
generating  acid  condensate. 

Plume  rain  acidity 

By  setting  the  amount  of  magnesium  salts  as  a  limit 
on  the  possible  hydrochloric  acid  generation,  the  re- 
searchers were  able  to  show  that  the  acidity  of  the  plume 
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rain  is  easily  accounted  for  by  only  partial  hydrolysis  of 
the  available  magnesium  chloride  in  standard  seawater. 
They  calculated  that  complete  conversion  of  the  magne- 
sium salts  in  a  liter  of  seawater  would  result  in  the 
generation  of  a  liter  of  acid  with  a  pH  of  1.15. 

To  achieve  the  1.75  pH  level  encountered  in  the 
Hawaiian  samples,  that  same  liter  would  need  only  be 
diluted  three  to  one  by  other  brine  droplets  in  the  plume 
cloud. 

Effects  of  such  acid  rains  falling  on  the  ocean  can  be 
expected  to  be  quickly  neutralized  by  dilution  in  the 
wind-mixed  wave  environment  of  the  ocean  surface, 
Gerlach  said.  But  the  impact  of  hydrochloric  acid  on 
land  would  be  more  intense. 

Highly  acidic  rains  or  fogs  can  be  expected  to  affect 
aquatic  life,  forests,  soils,  groundwater,  and  man-made 
structures.  Acids  with  a  pH  between  one  and  two  can 
cause  severe  weathering  of  exposed  rock,  increasing  the 


concentrations  of  numerous  metals  in  the  soil  and  water 
systems. 

Human    contact    with    the    acid    mists    may   causef 
symptoms  such  as  bleeding  of  the  nose  and  gum  and 
inflammation    processes    similar    to    those    caused    by 
influenza.  o 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25,  No.  1 
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High-Resolution  Imaging  Spectrometer 

Earth  resources  will  be  observed  in  greater  detail. 


The  High-Resolution  Imaging  Spectrome- 
ter, undergoing  development  for  use  in 
NASA's  Earth  Observing  System,  will 
measure  the  reflectance  of  the  Earth's  sur- 
face in  visible  and  near-infrared  wave- 
lengths. From  an  orbit  around  the  Earth, 
this  instrument  will  scan  the  surface  of  the 
Earth  in  200  wavelength  bands  simultane- 
ously. It  will  produce  images  that  will  en- 
able the  identification  of  minerals  in  rocks 
and  soils,  important  algal  pigments  in 
oceans  and  inland  waters,  changes  in 
spectra  associated  with  the  biochemistry 
of  plant  canopies,  compositions  of  atmos- 
pheric aerosols,  the  sizes  of  grains  in  snow, 
and  the  contamination  of  snow  by  impuri- 
ties that  absorb  visible  light. 

From  an  orbital  altitude  of  700  km,  the 
instrument  will  observe  a  swath  24  km 
wide  with  a  spatial  resolution  of  30  m.  The 
instrument  will  cover  the  wavelength  range 
of  0.4  to  2.5  ^m  in  spectral  bands  10  nm 
wide.  In  each  picture  element,  the  bright- 
ness in  each  wavelength  band  (see  figure) 
will  be  quantized  to  12  bits,  with  a  dynamic 
range  suitable  for  such  bright  targets  as 
snow. 

The  capabilities  for  aiming  the  instru- 
ment, coordinated  with  the  parameters  of 
the  orbit,  must  satisfy  requirements  for  fre- 
quency of  repetition  of  measurements  at 
a  given  location.  In  some  cases,  these  re- 
quirements are  affected  by  such  factors 
as  lighting,  visibility  (e.g.,  presence  or  ab- 
sence of  clouds),  and  the  presence  or  ab- 
sence of  vegetation.  The  chosen  across- 
track  pointing  capability  of  ±24°  enables  3 
or  4  repetitions  for  a  site  at  the  Equator  and 
4  to  5  repetitions  for  a  site  at  40°  north  or 
south  latitude  during  one  16-day  orbital 
revisit  period.  An  along-track  pointing  cap- 
ability of  +607-30°  is  provided  for  meas- 
urements of  the  bidirectional  reflectance- 
distribution  functions  of  surfaces,  to 
remove  the  effects  of  atmospheric  atten- 


SUPERIMPOSED  IMAGES  IN 
SPECTRAL  BANDS 


0.4  2.5 

Wavelength,  y,m 

SPECTRUM  OF  ONE  PICTURE  ELEMENT 


Images  Taken  Simultaneously  in  Many  Wavelength  Bands  will  be  inherently  registered  with 
each  other.  The  radiances  measured  in  the  wavelength  bands  in  each  picture  element  yield  a 
spectrum  for  that  element  that  can  be  used  to  identify  the  materials  at  the  surface  of  the 
Earth. 


uation,  and  to  implement  image-motion 
compensation  to  increase  the  signal-to- 
noise  ratios  for  dark  targets. 

As  now  envisioned,  the  instrument  will 
be  a  broadband,  "pushbroom,"  double- 
pass  Schmidt  spectrometer  containing  sili- 
con and  hybrid  mercury-cadmium-telluride 
area-array  detectors.  Incident  radiation 
passing  through  a  slit  at  the  front  of  the 
foreoptics  will  be  collimated,  separated  in- 
to two  bands,  dispersed,  and  reimaged  on- 
to separate  detector  arrays:  silicon  for  visi- 
ble and  near-infrared  wavelengths  to  1  ^m, 
and  HgCdTe  for  longer  infrared  wave- 
lengths to  2.5 f<m.  Signal-to-noise  ratios  are 
expected  to  range  from  50  to  200  in  most 
regions  of  the  spectrum.  The  mass  of  the 
instrument  is  projected  at  an  upper  limit  of 
987  kg;  several  modifications  of  the  design 
may  reduce  the  mass. 

The  data-processing  and  -transmitting 
subsystem  of  the  instrument  will  provide 


flexibility  in  the  number  of  bits  and  number 
of  bands  transmitted,  within  constraints  im- 
posed by  the  available  data  rate.  Possible 
modes  in  which  data  can  be  edited  include 
transmission  of  some  (instead  of  all) 
available  spectral  bands,  encoding  of  8  or 
10  bits  per  band  (rather  than  12),  averaging 
of  adjacent  picture  elements,  and  use  of  a 
narrower  swath.  The  output  data  will  be 
augmented  with  satellite  ephemeris  data 
and  made  available  as  geocode  data  that 
depict  various  radiometric  properties  (or 
properties  inferred  from  radiometry)  of  the 
Earth. 

This  work  was  done  by  Jeff  Dozier  of 
Caltech  and  Alexander  F.  H.  Goetz  of  the 
University  of  Colorado  for  NASA's  Jet 
Propulsion  Laboratory 
NP0-17624/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240.  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Making  Mosaics  of 
SAR  Imagery 

Minimal  intervention  by  the 
operator  is  required. 

Spaceborne  synthetic-aperture-radar 
(SAR)  images  are  useful  tor  the  mapping  of 
planets  and  investigations  in  the  Earth 
sciences.  However,  the  widths  of  SAR 
swaths  rarely  exceed  100  kilometers,  and 
images  must  be  patched  together  to 
create  mosaics  to  enable  the  analysis  of 
larger  areas.  The  primary  function  of  the 
MOSK  computer  program  is  to  generate 
large  digital  mosaics  of  SAR  imagery 
without  manually  marked  tiepoints. 

MOSK  can  produce  a  multif  rame  mosaic 
by  combining  images  along  the  ground 
track,  in  adjacent  cross-track  swaths,  or  in 
ascending  and  descending  passes.  Im- 
ages registered  with  geocoded  maps  such 
as  the  ones  produced  by  MAPJTC  (NPO- 
17718),  are  required  as  input.  The  output  is 
a  geocoded  mosaic  on  a  standard  map 
grid,  which  enables  easy  registration  with 
other  geocoded  sets  of  data. 

Making  a  mosaic  of  geocoded  SAR  im- 


agery involves  three  steps.  First,  a  match 
point  is  selected  at  the  center  of  the  over- 
lapping area,  then  an  image  patch  around 
the  match  point  is  extracted  from  both  im- 
ages and  cross-correlation  is  done  on  this 
area.  Then  images  with  their  refined  match 
points  are  merged  together  to  form  a  mo- 
saic. To  handle  the  large  volume  of  data 
from  overlapping  intermediate  stages, 
large  mosaics  are  divided  into  quadrants  of 
equal  size,  with  each  quadrant  cut  from  an 
intermediate  mosaic.  The  full  mosaic  can 
then  be  assembled  from  the  individual  qua- 
drants. Finally,  radiometric  disparities  at 
the  seams  in  the  image  are  smoothed  by  a 
"feathering"  technique. 

The  automatic  mosaic  system  gener- 
ates output  with  minimal  interaction  with 
operator.  However,  manual  tiepointing  is 
required  in  cases  of  a  large  errors  in 
registration  or  of  two  images  with  smooth 
surfaces  such  as  ocean  images. 


MOSK  is  implemented  on  a  DEC  VAX 
11/785  computer  running  VMS  4.5.  Most 
subroutines  are  in  FORTRAN ,  but  three  are 
in  MAXL  and  one  is  in  APAL.  The  program 
requires  1  Mb  of  memory  and  a  Floating 
Point  Systems  AP-5210  array  processor. 
The  system  memory  usage  is  approxi- 
mately 1,000  pages,  and  the  requirement 
of  page  file  size  is  2,000  blocks.  MOSK  was 
developed  in  1988. 

This  program  was  written  by  John  C. 
Curlander,  Ronald  Kwok,  Shirley  S.  Pang, 
and  Amy  A.  Pang  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17586/TN 

FOR  ADDITIONAL  INFORMATION 
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Physical  Sciences 


0670  Narrowest  Spectral  Line  Produced 

0671  New  Ion  Thermochemistry  Database  Available  For  PCs 

Testing  &  Instrumentation 

0672  Diagnosis  of  a  Pressure-Modulator-Radiometer  Cell — A  lead-salt 
tunable  diode  laser  provides  the  required  monochromatic  radiation. 

0673  Lignin  Sensor  Based  on  Flash-Pyrolysis  Mass  Spectrometry— New 
instrument  speedily  evaluates  lignin  content  of  wood  products. 

Other  Items  of  Interest 

0618     Field-lnduced-Gap  Infrared  Detectors — Semimetals  would  become 

semiconductors  under  applied  magnetic  fields.  (Licensing  Opportunity) 

0621     Tunable-Quantum-Well  infrared  Detector — The  wavelength  would  be 
adjusted  by  changing  the  applied  voltage.  (Licensing  Opportunity) 

0627     Sprinklers  in  Chem  Labs  Can  Protect  Lives,  Property 

0637     Static  Pressure-Assisted  Seal  for  Helium — A  metal  seal  replaces  a  leaky 
elastomeric  seal. 

0644     Optical  Trap:  Important  New  Tool  For  Manipulating  Chromosomes 

0665     PC  Database  To  Calculate  Stopping  Powers  Available 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Narrowest  Spectral  Line  Produced 

Researchers  in  the  NIST  Time  and  Frequency  Division  have  made  the  narrowest  known  observation  of  an 
optical  spectral  line.  To  do  it,  they  developed  the  narrowest  line-width  laser  ever  produced.  Their  work  repre- 
sents a  big  step  towards  an  optical  frequency  time  standard  which  would  be  10,000-times  more  accurate  than 
the  best  current  standard  (based  on  a  microwave-range  frequency  of  the  cesium  atom).  For  a  variety  of  rea- 
sons, a  time  standard  in  the  optical  frequency  range  would  be  very  useful,  and  the  more  narrow  the  observed 
line,  the  more  accurate  the  standard.  At  present,  the  limiting  factor  is  the  inability  to  build  a  very  narrowly 
tuned  laser  as  a  probe  for  the  spectral  line.  The  NIST  researchers  isolated  a  single,  laser-cooled  mercury  ion  in 
an  electromagnetic  trap  and  probed  it  with  a  newly  designed  laser  with  an  effective  linewidth  of  about  86  Hz  at 
a  wavelength  of  563  nanometers.  The  frequency  observation  was  more  than  10  times  narrower  than  any  prcvi- 

n  sl 
,13 


1 8 
ous  such  attempt.  A  time  standard  based  on  such  a  system  could  be  accurate  to  a  part  in  10     ,  compared  with 


the  current  standard  accurate  to  a  part  in  10 

FOR  ADDITIONAL  INFORMATION:  For  a  copy  of  the  paper  describing  this  work,  contact  Jo  Emery,  Div. 
104,  NIST,  Boulder,  Colo.  80303;  telephone:  303/497-3237.  Request  paper  no.  13-90. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

i 

New  Ion  Thermochemistry  Database  Available  For  PCs 


A  new  computerized  database  package  with  thermodynamic  information  on  the  positive  and  negative  ions 
in  the  gas  phase  has  been  developed  by  NIST.  Designed  for  personal  computers  (PCs),  NIST  Standard 
Reference  Database  19A  and  19B,  Positive  and  Negative  Ion  Energetics,  provides  rapid  access  to  impor- 
tant information  on  charged  atoms  and  molecules.  Evaluated  data  on  the  thermochemistry  of  positive  ions 
and  negative  ions  are  presented  separately  in  the  database  package,  each  with  its  own  software  and 
documentation.  Database  19A,  Positive  Ion  Energetics,  contains  approximately  5,000  values  for  ioniza- 
tion energies  of  molecules  and  radicals,  along  with  enthalpies  or  heats  of  formation  of  the  corresponding 
neutral  species  and  ions.  Values  for  proton  affinities  of  about  1,000  molecules  also  are  provided.  Data- 
base 19B,  Negative  Ion  Energetics,  includes  data  on  electron  affinities  and  gas  phase  acidities  of  mole- 
cules, and  enthalpies  of  the  molecules  and  corresponding  ions.  Data  on  about  2,000  species  are  given. 

FOR  ADDITIONAL  INFORMATION:  The  NIST  ion  energetics  database  package  is  available  for  S 1 30 
from  the  Office  of  Standard  Reference  Data  Programs,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  Md. 
20899;  telephone:  301/975-2208. 
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(WNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Diagnosis  of  a  Pressure-Modulator-Radiometer  Cell 

A  lead-salt  tunable  diode  laser  provides  the  required  monochromatic  radiation. 


The  spectral  response  of  a  pressure- 
modulator-radiometer  cell  has  Peen  meas- 
ured with  the  help  of  a  lead-salt  tunable 
diode  laser.  Heretofore,  the  spectral  re- 
sponses of  pressure-modulator-radiome- 
ters have  been  inferred  from  theoretical 
calculations  and  white-cell  transmission 
measurements.  However,  direct  measure- 
ment of  the  spectral  response  of  such  an 
instrument  would  enable  the  formulation  of 
more-precise  atmospheric-transmission 
functions,  thereby  enabling  the  extraction 
of  better  information  from  the  readings 
taken  with  the  instrument. 

A  lead-salt  tunable  diode  laser  was 
chosen  because  of  the  narrow  bandwidths 
[2x10-4  (cm)-1]  and  relatively  high 
powers  (up  to  1  mW  continuous)  of  such 
lasers  and  because  they  are  available  for 


wavelengths  from  3  to  30  ym.  The  pres- 
sure-modulator-radiometer cell  used  in  the 
experiment  had  a  path  length  of  0.15  cm 
and  a  compression  ratio  of  about  2.  The 
cell  contained  N20,  which  was  chosen  be- 
cause its  spectrum  has  already  been  well 
characterized. 

The  apparatus  is  shown  schematically 
in  Figure  1.  The  diode  laser  was  tuned  to 
the  P(15)  spectral  line  of  the  v1  band  of  N20 
at  1,271.9668  (cm)-1.  After  passing 
through  a  monochromator  for  selection  of 
the  mode,  the  laser  beam  was  mechani- 
cally chopped  at  385  Hz,  directed  along 
the  axis  of  the  modulator  cell,  and  then 
focused  onto  a  cooled  HgCdTe  detector.  A 
lock-in  amplifier  locked  to  the  chopper  re- 
corded the  mean  transmission  of  the  cell, 
while  a  second  lock-in  amplifier  locked  to 


the  modulator  (frequency  about  30  Hz)  si- 
multaneously recorded  the  modulated 
transmission  function  of  the  cell.  A  com- 
plete scan  over  the  effective  shape  of  the 
spectral  line  took  approximately  5  min,  and 
data  were  transferred  to  a  computer  sys- 
tem for  processing  and  plotting.  Measure- 
ments were  taken  at  mean  cell  pressures 
of  about  10, 20,  and  30torr  (1.3, 2.6,  and  3.9 
kPa,  respectively).  At  each  mean  pressure, 
line  transmission  profiles  were  recorded  at 
two  different  pressure-modulator  ampli- 
tudes. 

Figure  2  shows  records  of  the  time-aver- 
aged and  the  modulated  cell  transmission 
spectra  at  a  mean  pressure  of  30.5  torr 
(4.07  kPa).  Under  these  conditions,  the 
collision-broadened  half  width  of  the  line 
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Figure  1.  The  Lead-Salt  Tunable  Diode  Laser  provides  the  monochromatic  radiation  needed  to  measure  the  spectral  transmission  function  of 
the  pressure-modulator-radiometer  cell. 
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(110  MHz)  is  about  three  times  the  diode- 
laser  spectral  half  width  (38  MHz),  which  is 
comparable  to  the  Doppler  spectral  half 
width  (35  MHz).  Traditionally,  the  mean 
transmission  spectrum  of  a  pressure-mod- 
ulator radiometer  is  represented  by  the 
transmission  due  to  an  effective  mean 
pressure,  and  the  modulated  transmission 
spectrum  is  represented  by  the  difference 
in  transmission  between  two  effective 
pressure  extremes.  These  models  fit  the 
recorded  spectra  within  2  percent  at  all 
points. 

This  work  was  done  by  Randy  D.  May, 
Daniel  J.  McCleese,  David  M.  Rider,  John 
T  Schofield,  and  Christopher  Webster  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17528/TN 
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Figure  2.  These  Cell  Transmission  Spectra 

were  obtained  in  the  apparatus  of  Figure  1. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Lignin  Sensor  Based  on  Flash-Pyrolysis  Mass  Spectrometry 

New  instrument  speedily  evaluates  lignin  content  of  wood  products. 


The  new  lignin  sensor  takes  only  a  few 
minutes  to  measure  the  lignin  content  of  a 
specimen  of  wood,  pulp,  paper,  or  similar 
material.  In  contrast,  the  standard  chemi- 
cal method  takes  more  than  30  minutes. 
The  new  sensor  can  be  helpful  in  control- 
ling digestors  in  paper  mills  to  maintain  the 
required  lignin  content,  and  also  in  bleach- 
ing plants,  where  good  control  of  bleaching 
becomes  possible  if  a  quick  determination 
of  lignin  content  can  be  made. 

The  apparatus  (see  Figure  1 )  is  based  on 
rapid  pyrolysis  of  a  sample  in  a  reducing  at- 
mosphere of  hydrogen,  followed  by  a  de- 


termination of  the  mass  spectra  of  the 
products  evolved.  An  inert  atmosphere  of 
helium  can  also  be  used.  The  pyrolysis  is 
followed  by  continuous  dilution  by  hydro- 
gen. This  process  produces  a  reproducible 
profile  in  time  for  all  gaseous  products.  The 
ion  currents  are  measured  over  an  interval 
of  time  and  integrated  to  define  appro- 
priate ratios  of  selected  mass  peaks  or 
groups  of  peaks. 

The  specimen  is  placed  in  a  platinum 
cup  in  the  pyrolizer.  A  flow  of  nonoxidizing 
carrier  gas  (preferably  hydrogen,  though 
helium  can  be  used)  at  a  pressure  of  2  psi 
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Figure  1.  The  Lignin  Sensor  includes  a  flash  pyrolizer  and  an  ion-trap  detector  that  acts  as  a 
mass  spectrometer.  The  apparatus  measures  the  amount  of  molecular  fragments  of  lignin  in 
the  pyrolysis  products  of  samples. 


(14  kPa)  is  set  up  in  the  pyrolysis  chamber. 
When  the  air  has  been  swept  out,  the  cup 
is  heated  to  a  temperature  of  preferably 
550  °C  for  1.5  s  by  passing  electric  current 
through  a  stainless-steel  ribbon  on  which 
the  cup  is  mounted.  The  products  pass 
through  a  capillary  tube  and  enter  the  ion 
trap  detector  (mass  spectrometer)  for 
quantitative  analysis. 

An  instantaneous  sample  spectrum  of 
pine  wood  pulp  of  Kappa  number  84.9  is 
shown  in  Figure  2  (a),  where  the  mass 
spectral  lines  from  the  decomposition  of 
cellulose  occur  at  127  and  145  daltons. 
Other  peaks  at  137, 157, 165,  ect.,  are  due  to 
products  from  lignin.  The  integrated  ion 
currents  from  peaks  from  135  to  139  and 
all  peaks  from  1 48  to  188  are  divided  by  the 
total  ion  current  from  all  peaks  from  120  to 
250  to  obtain  a  ratio  called  Q.  This  quantity 
is  proportional  to  the  lignin  content  of  the 
test  sample. 

In  Figure  2  (b)  a  plot  of  Q  versus  Kappa 
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Figure  2.  The  Sample  Spectrum  and  a  Plot 

show  the  results  obtained  from  the  lignin 
sensor.  Pine  wood  pulp  of  Kappa  number 
84.9  shows  a  spectrum  in  (a)  with  com- 
ponents characteristic  of  lignin  at  137,  151, 
163,  and  179  at  pyrolysis  temperature  of 
562 °C.  A  plot  of  Q  ratio  as  a  function  of 
Kappa  number  shows  a  linear  relationship 
in  (b)  for  several  air  dried  pulps. 
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number  is  snown.  Data  were  obtained 
from  samples  of  pulp  from  a  mill  for  which 
Kappa  numbers  were  measured  by  the 
standard  chemical  method.  It  is  seen  that  Q 
is  linearly  related  to  the  Kappa  number  or 
lignin  content.  Laboratory  tests  using  sam- 
ples of  wood  as  well  as  many  types  of  pulp 
showed  that  Q  is  linear  over  the  whole 


range  of  Klason  lignin  from  0  to  0.3. 

Dry  samples  of  pulp  have  silvers  of 
darkwood  that,  if  included  in  the  sample, 
produce  higher  variability  than  that  seen  in 
the  chemical  method,  which  uses  much 
bigger  samples.  However,  wet  samples 
can  be  chosen  sliver-free,  and  these  yield 
Q  ratios  with  variability  comparable  to  that 


achieved  in  the  standard  chemical  meth- 
od. 

This  work  was  done  by  Eug  Y.  Kwack, 
Daniel  D.  Lawson,  and  Parthasarathy 
Shakkottai  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

NPO-17592/TN 
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NASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Serial  Escape  System  for  Aircraft  Crews 

A  rocket  ejection  system  enables  an  orderly  evacuation. 


An  emergency  escape  system  for  air- 
craft and  aerospace  vehicles  can  eject  up 
to  seven  crewmembers,  one  by  one,  within 
120  s.  The  system  is  intended  for  emergen- 
cies in  which  a  disabled  craft  is  still  in  sta- 
ble flight  at  no  more  than  220  kn  (113  m/s) 
equivalent  airspeed  and  sinking  no  faster 
than  110  ft/s  (33.5  m/s)  at  altitudes  up  to 
50,000  ft  (15.2  km).  The  system  provides 
an  orderly,  controlled  exit  and  avoids  ditch- 
ing at  sea  or  landing  in  rough  terrain. 

The  crewmembers  don  parachutes  and 
water  survival  gear  before  ejection.  Super- 
vised by  a  crewmember  who  has  been 
trained  as  jumpmaster,  the  members  in 
turn  lie  on  an  egress  ramp  and  attach  a 
pendant  on  the  parachute  harness  to  a 
small  tractor  rocket  (see  figure).  When  the 
jumpmaster  pulls  the  ejection  handle,  a 
pair  of  gas  cylinders  ejects  the  attached 
rocket  out  the  egress  hatch.  About  9  ft 
(2.7  m)  from  the  launcher,  just  outside  the 
hatch,  the  rocket  fires  and  pulls  the  crew- 
member  out  the  hatch.  The  crewmember's 
initial  trajectory  is  horizontal  and  5°  to  10° 
forward  of  the  sideways  axis.  This  trajec- 
tory ensures  that  the  crewmember  clears 
the  wings  and  tail. 

As  soon  as  a  crewmember  has  been 
ejected,  a  new  rocket  rolls  downward  into 
the  firing  tube  from  a  magazine.  The  ejec- 
tion procedure  is  repeated  until  all  crew- 


Tractor  Rocket 


Ejection  Rockets  Load  Themselves  from  a  magazine  after  each  crewmember  is  ejected. 
The  jumpmaster  queues  the  other  crewmembers  and  helps  them  position  themselves 
on  the  egress  ramp.  The  rockets  pull  crewmembers  clear  of  the  aircraft  structure. 


members  have  left  the  craft. 

The  system  differs  from  the  system  de- 
scribed in  the  next  article  in  that  rockets 
are  fed  from  a  magazine.  Gravity  and 
spring  pressure  force  a  stack  of  rockets 
downward  so  that  the  launcher  reloads 


automatically. 

This  work  was  done  by  Kenneth  E. 
Wood  of  Rockwell  International  Corp.  for 
Johnson  Space  Center. 

MSC-2I310/TN 
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